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ABSTRACT 
Effect of Lactose Source, Lactose Level, and Type of Emulsifying Salts on the Properties 
of a Processed Cheese Product  
Gabrielle Alyss Gunter 
Previous studies on the use of nonfat dry milk, whey protein concentrate 34 and lactose 
powders in processed cheeses or cheese analogs found that increasing the percentage of 
lactose was associated with an increase in browning and crystallization. There has been 
little work done of the effects of lactose in processed cheese functionality. Therefore, the 
objective of this research is to build on and understand the effects of lactose from by 
three commercially produced dairy powders (nonfat dry milk (NFDM), whey protein 
concentrate 34 (WPC), lactose) and two different emulsifying salts on properties of 
processed cheese. Processed cheeses were made using either trisodium citrate or 
disodium phosphate dihydrate emulsifiers and standardized to lactose levels of 4 or 8 
percent by weight. Processed cheeses were made with natural cheese aged at 4oC for 30, 
60, 90, and 120 days of age. For each age of natural cheese, processed cheeses were made 
in triplicates for each treatment. A small batch (5 lb) Stephan single blade cooker in a 
pilot plant setting was used to conduct the experiments. The cheeses were tested within a 
week of manufacture for moisture by microwave method, pH, melt by Arnott melt test, 
hardness and cohesiveness by texture profile analysis, and browning by ImageJ software.         
The pH of the cheeses showed that there was a significant difference (<0.01) for the 
interaction between the type of emulsifier and the treatment. It was observed that 
typically disodium phosphate yielded higher pH values and when both emulsifiers were 
combined with all powders at 8% lactose by weight showed higher pH than 4% lactose 
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levels. Melt test showed there was a significant difference (<0.01) in the interaction 
between age of natural cheese, type of emulsifier, the treatment. The treatment of NFDM 
with 8% lactose at 120 days age of natural cheese with disodium phosphate displayed the 
lowest melt and was significantly different than all other treatment combinations. It was 
determined that this result could have been due to the disodium phosphate typically 
having less melt than trisodium citrate in combination with the high lactose and age of 
natural cheese.                 
The hardness of the processed cheeses showed a significant difference in the interaction 
in the age of the natural cheese and the treatment. The treatments with WPC at 8% 
lactose levels were significantly softer than all other treatments with other dairy powders. 
Cohesiveness showed a significant difference in the interaction between the two 
interactions between age of natural cheese and treatment, and the emulsifier and 
treatment. The treatments with WPC powder yielded the most cohesive samples 
compared to the other treatments. The browning results showed a significant difference in 
the interaction of age of natural cheese and the treatment. It was observed that the age of 
the natural cheese increased there was a greater degree of browning in the processed 
cheese.                            
The results from this study provide insight into the effects of lactose derived from 
different dairy powders on the functionality of processed cheese. These results also 
suggest future work on different lactose levels and other dairy powders may be 
promising. 
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1.0 INTRODUCTION 
Processed cheese production developed out of a need to extend the shelf life of natural 
cheese for shipping purposes in the early 20th century (Meyer, 1973). Today, processed 
cheese is one of the largest consumed cheeses in the world. The understanding of the 
processed cheese system is a continuous research effort. Processed cheeses are regulated 
by the Code of Federal Regulations and the Codex Alimentarius Council for allowable 
ingredients and compositional requirements (Anonymous, 2008). Processed cheeses that 
do not follow these guidelines are often labeled as ‘processed cheese products’ or 
processed cheese analogues’. Researchers have studied the impact of these allowable 
ingredients at various levels with other ingredients to understand how they effect a 
processed cheese.            
Dairy powders such as whey protein concentrate and nonfat dry milk are often used in 
processed cheese formulations. These powders can have an effect on the moisture, fat, 
pH, lactose content, protein content, and functionality of a processed cheese. Studies have 
indicated that lactose levels exceeding 7.48 percent lactose in a processed cheese food 
can cause crystallization or Maillard browning in the final product (Kapoor and Metzger, 
2008). Lactose crystallization in processed cheese occurs when the lactose concentration 
exceeds its solubility in the aqueous phase of the process cheese matrix (French et al., 
2002).                                                          
Firmness of processed cheese can be affected by the pH, moisture, protein levels, rate of 
cooling and added ingredients. Researchers have found that increased le3vels of NFDM 
in processed cheese increased the firmness of the final product, but WPC 34 decreased 
significantly (Olson and Price, 1961; French et al., 2002). Emulsifying salts also play a 
major role in processed cheese formulation and functionality. It has been found that 
 
 
2 
increasing levels of trisodium citrate and disodium phosphate can increase firmness with 
increasing usage levels used in formulation (Templeton and Sommer, 1936; Gupta et al., 
1984). Therefore understanding these factors and the use of dairy powders in processed 
cheese is important to manufacturing a consistent product.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
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2.0 LITERATURE REVIEW 
2.1 PROCESSED CHEESE HISTORY 
Processed cheese was initially developed without emulsifying salts in 1895 (Carić and 
Kaláb, 1999). In 1911 that the first patent was obtained for the production of processed 
cheese in Switzerland with the use of citric acid added to Emmentaler cheese 
(Anonymous, 2014). The idea came about because they were attempting to make fondues 
with the use of cheese and wine, that later contained natural emulsifying salts.            
Around the same time in the United States the first processed cheese was developed by 
Kraft in 1916 by heating natural cheese in cans to prolong the shelf-life. In 1917, Kraft 
made processed cheese by blending phosphate emulsifying salts and cheddar cheese. This 
process allowed for the incorporation of cheeses trimmings from misshapen blocks that 
were to be thrown away. In the cheese industry today processed cheese has roughly 12.5 
percent share of the market (Anonymous, 2014). Outside of the United States and 
Europe, processed cheese is one of the most consumed cheeses in the world. With the 
ability to survive in ambient temperatures, processed cheese can be shipped and made 
around the world.  
2.2 STANDARD OF IDENTITY  
Processed cheese has a standard of identity under the Code of Federal Regulations (CFR). 
These standards allow for a range of ingredients to be added to formulate different 
processed cheeses. Several processed cheeses use dairy powders such as whey protein 
and non-fat dry milk, which contribute a substantial amount of lactose to the system. The 
ingredients affect the final product taste and functionality. Understanding these effects is 
essential to obtaining an acceptable final product. The regulations and manufacturing 
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parameters for processed cheese made in the United States are discussed below.        
There are currently 12 standard of identity products for processed cheese products with 
three main products. The three main products are pasteurized processed cheese, 
pasteurized processed cheese food and pasteurized processed cheese food (Anonymous, 
2012). Table 1 shows the regulations for each style of processed cheese governed by the 
Code of Federal Regulations. The international laws governing processed cheese are 
written in the Codex Alimentarius. The original Codex Alimentarus for processed 
cheeses was adopted in 1978. These laws are currently being revised, due to the changes 
in the market and the production parameters. Currently, processed cheese laws are being 
governed by individual countries with continuing talks on adopting new guidelines for 
the Codex Alimentarus in 2016.  
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Table 1: Allowable Ingredients in Processed Cheese, adapted from (Kapoor and 
Metzger, 2008) 
 
 
 
 
 
Category Major ingredients and other optional 
ingredients  
(and their permitted levels) 
Moisture 
(%w/w) 
Fat 
(%w/w) 
pH 
Pasteurized 
Processed 
Cheese 
 Cheese 
 Emulsifying agents (≤ 3% w/w of 
final product 
 Acidifying agent 
 Cream, anhydrous milk fat, 
dehydrated cream 
 Water, salt, colors, spices, enzyme-
modified cheese, mold inhibitors 
(≤0.2% w/w) or ≤ 0.3% (w/w) of 
final product, antisticking agent 
(≤0.03% (w/w) of the final product)  
≤ 40 ≥ 30 ≥ 
5.3 
Pasteurized 
Processed 
Cheese Food 
 Cheese (≥51% (w/w) of the final 
product) 
 Other optional ingredients and their 
permitted levels include all of the 
ingredients allowed in PC in 
addition to milk, skim milk, 
buttermilk, and cheese whey. 
≤ 44 ≥ 23 ≥ 
5.0 
Pasteurized 
Processed 
Cheese 
Spread 
 Cheese (≥51% (w/w) of the final 
product) 
 Other optional ingredients and their 
permitted levels include all of the 
ingredients allowed in PCF in 
addition to food gums, sweetening 
agents and nisin  
(≤ 250ppm of the final product) 
44 to 60 ≥ 20 ≥ 
4.0 
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 Pasteurized processed cheese or PC is made by heating cheese of the same or two or 
more varieties to at least 65oC for a minimum of 30 seconds into a plastic homogeneous 
mass. Certain cheeses such as cream cheese or cottage cheese not allowed in 
formulations. The final cheese has to be greater than 51 percent of the final formulation. 
The composition of the final product also depends on the type and amount of cheeses 
used. For a single variety of processed cheese the final moisture must be within 1 percent 
of the moisture content as stated in the standard of identity for the natural cheese used. If 
two or more varieties of natural cheese are used then the processed cheese cannot be 
greater than 43 percent moisture. The pH of the final pasteurized processed cheese 
greater than 5.3 and the fat content in general should be no less than 47 percent 
(Anonymous, 2012). There are additional ingredients allowed such as emulsifying salts, 
water, salt, spices, and anhydrous milkfat. Emulsifying salts are not allowed at greater 
than 3 percent of weight for the total pasteurized processed cheese.  
Pasteurized processed cheese food or PCF is similar to pasteurized processed cheese 
with additional allowable ingredients and different chemical standards. The moisture 
content of the final product cannot exceed 44 percent and the fat content must be no less 
than 23 percent. The additional allowable ingredients in a pasteurized processed cheese 
food are cheese whey, cream, milk, skim milk and buttermilk (Anonymous, 2012). These 
standards also indicate that the pH cannot be below 5.0. The weight of the cheese in the 
formulation must be greater than 51 percent and varieties of cheese such as, cottage 
cheese, hard grating cheese, Neufchatel, cook cheese, semi-soft park skim cheese, part-
skim spiced cheese, and skim milk cheese for manufacturing are not permitted in the 
formulation.  
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Pasteurized processed cheese spread and pasteurized cheese spread are the same in 
terms of almost all allowable ingredients except pasteurized cheese spread does not allow 
for the use of emulsifying salts. Pasteurized processed cheese spread or PCS, by 
definition, must be spreadable at 70oF. The moisture content is more than 44 percent but 
not more than 60 percent. The fat content cannot be less than 20 percent. The pH of the 
final product cannot be below 4.0. The additional allowed ingredients are separated into 
two categories. The first does not allow the additional ingredients to exceed more than 
0.8 percent of the final product and include: carb o bean gum, gum karaya, gum 
tragacanth, guar gum, gelatin, cellulose gum, oat gum, align, propylene glycol alginate, 
xanthan gum. The second category is optional ingredients such as sweeteners and water 
conditioning agents.  Pasteurized processed cheese spread can be smoked or made from 
smoked cheeses. These three categories, pasteurized processed cheese, pasteurized 
processed cheese food and pasteurized processed cheese spread, define the major 
processed cheeses that are found in the market. However, there are cheeses on the market 
labeled as pasteurized processed cheese product, imitation cheese, or cheese analogs that 
are not defined by the Code of Federal Regulations (Anonymous, 2012).  
Imitation cheese, and cheese analogs are different because they include mixtures of non-
dairy/ dairy proteins and dairy fat (Shaw, 1984). Their labeling depends on the source of 
fat or protein ingredients from vegetable, dairy or partially dairy products (Alimentarius, 
2008). In the United State analog cheeses were introduced in the 1970’s in the production 
of Mozzarella style cheese for pizzas (Tamime, 2011).  
Pasteurized processed cheese product is a nonstandard of identity cheese. This name is 
given to several processed cheeses on the market that do not meet the regulations covered 
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in the CFR. These cheeses are similar to PC, PCF, and PCS in composition except, they 
often contain milk protein concentrate (MPC), which is not allowed under the Code of 
Federal Regulations (Kapoor and Metzger, 2008). 
2.3 MANUFACTURE 
After the formulation of recipes and selection of natural cheese takes place, there are 
several more steps to develop the final product. These steps, as seen in Figure 1, involve 
blending, ingredient addition, processing, cooling, packaging and storage (Caric and 
Kalab, 1993). The timing of each of these steps is dependent on the desired processed 
cheese product and the equipment being used.  The influence of the various processing 
conditions is portrayed in Table 2 for the three main types of processed cheese.  
Figure 1: Manufacture and operational procedure for processed cheese: adapted 
from (Kapoor and Metzger, 2008) 
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Table 2: Processing parameters used in processed cheeses, adapted from (Caric and 
Kalab, 1993) 
 
Process Conditions Processed cheese 
block 
Processed cheese 
slice 
Processed cheese 
spread 
Age of Cheese Young to medium 
ripe, predominantly 
young 
Predominantly 
young 
Combination of 
young, medium 
ripe, overripe 
Water-insoluble 
nitrogen as a % of 
total nitrogen 
75-90 80-90 60-75 
Structure Predominantly long Long Short to Long 
Emulsifying Salt Structure-building, 
not creaming, e.g. 
high molecular 
weight 
polyphosphate, 
citrate 
Structure-building, 
not creaming, e.g. 
phosphate/citrate 
mixtures 
Creaming, e.g. low 
and medium 
molecular weight 
polyphosphate 
Water addition (%) 10-25 (all at once) 5-15 (all at once) 20-45 in portions 
Processing 
temperature (oC) 
80-85 78-85 85-98 
Duration of 
processing (min) 
4-8 4-6 8-15 
pH 5.4-5.7 5.6-5.9 5.6-6.0 
Agitation Slow Slow Rapid 
Reworked cheese 
(%) 
0-2.0 0 5-20 
Homogenization None None Advantageous 
Filling (min) 5-15 The quickest 
possible 
10-30 
Cooling Slow (10-12 h) Very rapid Rapidly (15-30 
min) in cool air 
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2.3.1 GRINDING AND BLENDING 
Grinding involves taking the natural cheese and blending with other ingredients to 
produce a uniform product. Grinding natural cheese down to a uniform mass allows for 
the emulsifying agent and other ingredients to have maximum contact upon blending 
(Zehren and Nusbaum, 1992).  During the blending of cheese and ingredients the 
manufacturing time and temperature are considered based on desired product and 
functionality.  
2.3.2 PROCESSING TEMPERATURE 
The CFR stipulates that the processed cheese be cooked for a minimum 30 seconds at 
65.5oC. Although this is the minimum processing temperature, processed cheeses are 
usually heated to at least 72oC for additional safety (Caric and Kalab, 1993). When the 
natural cheese is heated to high temperatures as seen in processed cheese the paracasein 
network is partially disintegrated (Dimitreli and Thomareis, 2004). The dispersion 
contains emulsifying properties that bind a significant amount of immobilized water and 
coat the fat droplets (Fox et al., 2000). The higher temperatures needed for processed 
cheese manufacture lead to protein-protein interactions in the aqueous phase of the 
emulsion(Dimitreli and Thomareis, 2004). These lead to the formation of the processed 
cheese matrix (Fox et al., 2000).  
These interactions are associated with the viscosity of the processed cheese. The 
processing temperature in turn affects the viscosity.  It has been determined with 
increasing cook temperature the sensation of “creaming” increases with the optimum 
temperature between 80 and 90oC (Berger et al., 1998). The term “creaming” is used to 
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define the changing viscosity profile of the processed cheese when heated (Lee et al., 
2003a). Lee et al. (2003) determined this creaming effect to be directly related to the 
protein interactions with no influence from the fat droplets in the emulsion.  
Studies have shown that with increasing cook temperature there is an increase in hardness 
of the final processed cheese (Lee et al., 1981; Hong, 1989; Tamime, 2011). Hong (1989) 
studied the effect of processed cheeses treated at temperatures ranging from 75oC to 
95oC. The pH in the processed cheeses ranged from 5.5-5.7. This study found that there 
was a decrease in hardness from 75oC to 85oC and then hardness began to increase from 
85oC to 95oC. The hardness was the highest at 95oC. 
 Shirashoji et al. (2006), showed with increasing processing time there was an increase in 
hardness and decrease in meltability. In the manufacture of block processed cheese 
temperatures between 70oC to 85oC are often used (Caric and Kalab, 1993).   
2.3.3 PROCESSING TIME 
The processing time is dependent on the equipment being used and the desired 
temperature. These conditions are also influenced by the type of steam (indirect steam 
injection or direct steam), rotations per minute, and type of blade/cooker used in 
processing (Berger et al., 1998). The manufacturing time of processed cheese is typically 
between 4 to 6 minutes but depends on the desired product as seen in Table 2 (Caric and 
Kalab, 1993). In order to form a stable emulsion the processing time is minimum 3 
minutes (Berger et al., 1998).                              
Products being processed at high temperatures, upwards of 140oC are typically processed 
for only a few seconds (Berger et al., 1998; Lee et al., 2003b). To formulate a block style 
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processed cheese the processing time is between 4 to 6 minutes to allow for an elongated 
protein structure. Processed cheese spreads are cooked for longer times in upwards of 8 
to 15 minutes to achieve the desired “creaming” effect (Berger et al., 1998). Processed 
cheese spreads need to achieve the creaming effect to form a proper structure. The 
processing time and temperature are also dependent on the mixing speed of the blade 
(Berger et al., 1998). 
2.3.4 PROCESSING MIXING SPEED 
The mixing speed of the processing blade depends on the cooker used. Batch cookers and 
continuous cookers are the two most commonly used in the manufacture of processed 
cheese (Caric and Kalab, 1993). These cookers allow for different mixing speeds 
affecting the finished product. The batch cookers, as seen in Figure 2, are often the 
Stephan single blade cooker with 1500-3000 rpm or the Blentech single/twin screw 
cookers with 50 to 150 rpm(Kapoor and Metzger, 2008). Continuous cookers, such as 
Rota Therm or Gold Peg seen in Figure 3, are used for the manufacture of ultra-high 
temperature (UHT) processed cheeses operating between 600-1000 rpm. 
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Figure 2: Stephan single blade batch processed cheese cooker: adapted from (Caric 
and Kalab, 1993) 
 
 
 
 
 
 
 
 
 
Figure 3: Rota Therm continuous processed cheese cooker: adapted from Gold 
Peg Intl. Pty Ltd., Victoria, Australia 
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A study showed a constant temperature of 85oC and two mixing speeds, 450 and 1050 
rpm, there were differences in apparent viscosity and firmness  (Caric and Kalab, 1993; 
Purna et al., 2006). Purna el al. (2006), found that with increasing the mixing speed 
increased in apparent viscosity directly after manufacture. They also found an increase in 
firmness and decrease in meltability with increasing mixing speed.       
(Glenn et al., 2003), examined five different mixing speeds with temperature 
combinations at different processing times and showed as mixing speed, temperature and 
time increased the meltability of the processed cheese decreased.         
The mixing speed affects the fat globule distribution within the processed cheese matrix. 
The distribution of fat globules is important in maintaining a stronger network (Drake, 
1973). Higher mixing speeds have been found to increase the distribution of small fat 
globules at a constant time and temperature (Lee et al., 2003). 
2.3.5 PACKAGING AND COOLING              
The rate of cooling on a processed cheese are important in the final texture and 
functionality. Slow cooling results in higher adhesiveness, firmness, and gumminess 
(Piska and Štětina, 2004; Zhong and Daubert, 2004).                
Cooling at faster rates can lead to browning in the final product over time. Table 2 shows 
the rates at which three different products should be cooled and their respective filling 
times.  
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2.3.6 STORAGE                  
Processed cheeses are typically stored at temperatures below 10oC, avoiding very low 
temperatures to prevent lactate crystal formation (Caric and Kalab, 1993). Storage at 
higher temperatures also increases the potential of browning and pinking in processed 
cheeses. Storage temperatures over 35oC have been found to cause browning in processed 
cheeses due to an increase in the non-enzymatic browning reaction (Thomas, M. 1969). 
This browning reaction at high temperatures has been found to be accelerated with 
containing skim milk powder (Thomas, M. 1969). Researchers have accredited this to the 
lactose and casein content of the processed cheese (Patton, S., 1955).  
  
2.4 INGREDIENTS IN PROCESSED CHEESE 
 
2.4.1 INGREDIENTS 
The Code of Federal Regulations defines the various ingredients that can be added to 
processed cheeses. The effects of certain ingredients are summarized in Table 3. 
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Table 3: Ingredients added in manufacture of processed cheeses and their functions 
(Guinee et al., 2004) 
Ingredient  Main function/effect Examples 
Milk Fat -Standardization of composition 
-Contributes to flavor, texture and 
cooking characteristics 
Cream, anhydrous milk fat, 
dehydrated cream, butter 
Milk Proteins -Standardization of composition 
-Assist in “creaming” (thickening of 
blend during manufacture) and 
formation of product 
-Contribute to texture and 
rheological and cooking properties 
Caseins, caseinates, whey 
proteins, milk protein 
concentrate (ultrafiltered milk 
and microfiltered milk 
preparations), co-precipitates, 
skim milk powder 
Lactose -Low cost filler; may affect texture Whey powder, skim milk 
powder, whey permeate powder 
Cheese base -Substitute for young cheese 
-Similar in behavior to milk 
proteins, it contributes to thickening 
during manufacture, texture and 
cooking properties 
Typically, high dry matter milk 
solids (-60% w/w) prepared by 
evaporation of milk 
ultrafiltrates to which starter 
culture and rennet have been 
added 
Stabilizers -Assist control of the pH of the final 
product 
-Impart desired texture and cooking 
characteristics 
-Emulsifying salts: sodium 
phosphates and sodium citrates 
-Hydrocolloids: carob bean 
gum, guar gum, xanthan gum, 
sodium carboxymethylcellulose, 
carrageenan 
Acidifying 
Agents 
-Assist control of the pH of the final 
product 
-Food-grade organic acids, e.g. 
lactic, acetic, citric, phosphoric 
Flavorings -Impart flavor to processed cheese 
foods and spreads, especially those 
in which significant proportions of 
young cheese, cheese base or milk 
proteins are used 
-Enzyme-modified cheese, 
starter distillate, wood smoke 
extracts, spices 
Flavor enhancers 
Condiments 
-Accentuate flavor 
-Affect appearance, flavor and 
texture, and product differentiation 
-NaCl, yeast extract 
-Sterile preparation of meat, 
fish, vegetables, nuts and/or 
fruits 
Sweetening 
Agents 
-Increase sweetness, especially in 
products targeted for young children 
-Sucrose, dextrose, corn syrup, 
hydrolyzed lactose 
Colors -Impart desired color Annatto, paprika, artificial 
colors 
Preservatives -Retard mold growth; prolong shelf 
life 
Nisin, potassium sorbate, 
calcium or sodium propionate 
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2.4.2 NATURAL CHEESE SELECTION 
When formulating processed cheese recipes, the age of the natural cheese selected is 
important. The typical percentages of different ages of natural cheese used in processed 
cheese products can be found in Table 5 (Tamime, 2011). When formulating processed 
cheeses, an increase in age of natural cheese usually creates a decrease in the intact casein 
for the natural cheese. An increase in soluble nitrogen to levels of 20 g 100 g -1 greatly 
decreased the firmness of the finished processed cheese (Brickley et al., 2007).          
(Purna et al., 2006), found with increase in age of natural cheese used in processed 
cheese, there was an increase in the meltability and dcrease in firmness and viscosity of 
the finished processed cheese. In a block processed cheese product the intact casein 
needed is between 75-90% in the young natural cheese (Fox et al., 2000). This is the ideal 
range because a firmer product is desired with a block processed cheese.       
Purna et al. (2006), investigated the effects of natural cheese at 2, 4, 6, 12, and 18 weeks 
of age with tri-sodium citrate at three levels (2.0, 2.5, 3.0%) and 2 processing speeds (450 
rpm and 1,050 rpm). This study showed a significant decrease in the viscosity of 
manufacture with increasing age of natural cheese and mixing speed. Viscosity it 
important in processed cheese because it defines the flow of the final product when 
melted (Guinee, 2002). With a decrease in the viscosity there will be a decrease in the 
flow of the melted cheese. This could also impact the “hot-fill” of processed cheese into 
loaves during processing (Guinee, 2002).                           
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Table 4: Percentages of maturity natural cheese typically found in different 
processed cheese products: adapted from (Tamime, 2011); Mild: 1-3 months age, 
Medium: 3-6 months age, Mature: >6 months 
Natural Cheese 
Type of Processed 
Cheese Products 
Mild  
(Young) 
Medium Mature 
(Aged) 
Block 70-75 25-30 
Slices 30-40 50-60 10 
Slices 55 35 10 
Spread 30 50 20 
 
 
2.4.3 EMULSIFYING SALT SELECTION 
There has been extensive research on the use of emulsifying salts in processed cheese and 
their effects on functionality and cheese chemistry (Gupata et al., (1984); Caric and 
Kalab, (1993); Kosikowski and Mistry, (1997); Shirashoji el al, (2005); Kapoor and 
Mezger, (2008); Tamime, (2011). However, these studies findings differ due to the 
different experimental conditions used. The conditions differ in the age of natural cheese, 
the amount of emulsifying salts, and the processing conditions. Due to the differences in 
experimental conditions, it is difficult to show comparisons between the various research 
conducted.                  
The use of emulsifying salts in processed cheese is essential to obtaining a homogeneous 
product; although, emulsifying salts are not true emulsifiers by definition (Caric and 
Kalab, 1993). In processed cheese they function by solubilizing casein and preventing 
oiling-off (Tamime, 2011). Caric and Kalab (1993), explain that in processed cheese, 
emulsifying salts function by: 
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1) Removing calcium from the protein system 
2) Peptizing, solubilizing and dispersing the proteins 
3) Hydrating and swelling the proteins 
4) Emulsifying the fat and stabilizing the emulsion 
5) Controlling and stabilizing the pH 
6) Forming an appropriate structure of the product after cooling 
 In the United States there are 13 approved emulsifying salts for manufacturing processed 
cheese. Producers will often use blends of emulsifying salts depending on the desired 
product and functionality.                       
(Gupta et al., 1984), examined 17 different emulsifying salts that have been used in 
processed cheese, processed cheese food, and processed cheese spread. Processed 
cheeses were prepared in a batch cooker at 30 rev/min using a mixture of 75 percent 
young cheddar cheese and 25 % aged cheddar cheese under direct steam injection (Gupta 
et al., 1984). The emulsifying salts were tested at 3 levels of 1.2, 2.1, and 2.6 percent. 
Table 4 is a summary of the 7 major emulsifying salts used in this study and their 
functionality on processed cheeses adapted from (Kapoor and Metzger, 2008). Table 4 
shows that trisodium citrate exhibits the highest meltability while disodium phosphate 
had the lowest meltability. It is significant that trisodium citrate exhibits the highest melts 
because it is typically used in slice-on-slice applications (Kapoor and Metzger, 2008). 
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Table 5: Physicochemical properties of some emulsifying salts and their influence on 
processed cheese properties: adapted from (Kapoor and Metzger 2008) 
Influence on PC properties 
Emulsifying Salt pH of the 
PC 
Hardness 
(kg) 
Meltability 
(mm) 
Trisodium citrate (dehydrate) 5.9 32 131 
Monosodium phosphate (monohydrate) 5.1 27 NM 
Disodium phosphate (dehydrate) 5.8 32 70 
Trisodium phosphate (dodecahydrate) 7.3 26 70 
Dipotassium phosphate 55.9 29 76 
Sodium hexmetaphosphate 5.2 33 NM 
Sodium aluminum phosphate 5.9 33 101 
 
 
Shirashoji et al., 2005, studied the effects of four emulsifying salts (trisodium citrate, 
disodium phosphate, sodium hexametaphosphate, and tetrasodium pyrophosphate) at 
2.5% levels in a slice-on-slice processed cheese with no pH adjustment. They found that 
trisodium citrate and disodium phosphate exhibited similar meltability. Tetrasodium 
pyrophosphate exhibited the lowest melt followed by sodium hexametphosphate.       
When formulating a block style processed cheese, trisodium citrate and disodium 
phosphate are the most widely used in industry (Kosikowski and Mistry, 1997; Kapoor 
and Metzger, 2008). Sodium aluminum phosphate is also a popular emulsifying salt used 
in the manufacture of mozzarella cheese analogs. Sodium aluminum phosphate has 
shown to have greater emulsification properties of the casein network leading to a better 
melt in the final processed cheese (Savello et al., 1989). This emulsifying salt allows for 
the functional properties for a cheese analog that replaces the typical natural mozzarella 
cheese (Kapoor and Metzger, 2008).            
There is conflicting research on the best emulsifying salt for loaf and slice-on-slice 
products. Kapoor and Metzger (2008), indicated that trisodium citrate is commonly used 
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for loaf products and disodium phosphate is used for cheese slices (Kapoor and Metzger, 
2008). However, it has also been found that trisodium citrate is better for slice-on-slice, 
because it produces smaller fat globules in the cheese allowing for a better slice in the 
final product. The impact of fat globules was previously discussed in Section 2.3.4 The 
use of trisodium citrate and sodium aluminum phosphate showed greater meltability than 
disodium phosphate (Gupta et al., 1984).             
Emulsifying salts are also responsible for the adjustment of pH in the processed cheese. 
The pH of the processed cheese can affect the structure and functionality in terms of 
apparent viscosity and melt. The pH effects the emulsification properties of the 
emulsifying salts.  Studies have shown that the optimal range for emulsion of fat in 
processed cheese with desired texture is between 5.4 and 5.8 (Marchesseau et al., 1997; 
Upreti and Metzger, 2007). The structure and protein interactions of processed cheeses at 
lower pH values of 5.2 and higher values of 6.1 have an inverse effect on the final 
product (Kapoor and Metzger, 2008). Lower pH values can lead to less emulsification of 
the fat in the processed cheese network. This creates a non-uniformed protein network 
that negatively effects the melt. At higher pH values there can be excess emulsification of 
the protein network, which can cause creaming and decreased firmness in the finished 
processed cheese. The addition of emulsifying salts to natural cheese in processed cheese 
formulation can increase the pH value as much by 0.4 (Tamime, 2011).             
There are conflicting reports on the effect of pH and the hardness of the processed 
cheese. Arnott (1957), found relatively no correlation in the pH of the processed cheese 
and the hardness of the final product.  (Templeton and Sommer, 1932b) determined that 
the hardness of the processed cheese increased with increasing pH up to 5.8 but the 
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hardness began to decrease above this pH. However, recent studies have shown that the 
pH of the processed cheese can affect certain functional characteristics (Palmer and Sly 
1943; Marchesseau et al 1997; Kapoor and Metzger, 2008).                      
The use of emulsifying salts in processed cheese is extremely important when 
formulating a processed cheese product. The amount and type of emulsifying salts is 
crucial to developing a uniformed final product. The selection of emulsifying salts is 
depended on the desired processed cheese product. The amount is also dependent on the 
desired product and the use of other ingredients.  
2.4.4 LACTOSE 
Lactose is known to be comprises about one third of the total solids found in bovine milk 
(Mcleod, 2007). Industrially, lactose is manufactured from whey streams in dairy 
manufacturing plants by means of crystallization. In food applications lactose powder is 
used the development of infant formulas, confectionary and baked goods, and used as a 
filler in other applications. Lactose is known as a reducing sugar and under certain 
conditions can undergo the Maillard reaction leading to browning in food products.      
The Maillard reaction occurs between reducing sugars and amino acids or proteins 
(Morales and van Boekel, 1998). The browning color develops from high molecular mass 
compounds that are produced during the processing and storage of food (Finot et al., 
1981). The reaction is dependent on various aspects of the food system such as moisture 
content, chemical composition, temperature and pH (Morales and van Boekel, 1998). In 
milk based products, such as processed cheese, the Malliard browning reaction occurs at 
higher temperatures and holding time (Morales and van Boekel, 1998).  
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2.4.5 LACTOSE IN PROCESSED CHEESE 
There are very few studies on the impact of lactose addition in processed cheese. The few 
studies that have been conducted focus on lactose crystallization and the impact of 
browning in the finished product (Templeton and Sommer, 1934). There is currently one 
study on the direct addition of lactose and the impact on processed cheese functionality 
(Hong, 1990). The research showed that as the addition of lactose increased in grams, the 
firmness of the processed cheeses decreased from 432 grams to 70 grams. With levels of 
15-20 gram addition of lactose the structure of the processed cheese was observed to 
show fine particles. The researchers hypothesized this could be due to low dispersion of 
the lactose and interference with the emulsification properties (Hong, 1990)       
The most common source of lactose in processed cheese is from the addition of whey 
protein powders and non-fat dry milk powders. Whey protein and dry milk powders can 
contain up to 50% lactose. These powders are often used in processed cheese 
manufacture as a replacement or in addition to the proteins found in natural cheese. High 
addition levels of these powders can lead to excess lactose levels causing Maillard 
browning or crystal formation in the final product (Templeton and Sommer, 1934). High 
levels are considered to be when lactose exceeds its solubility in the water phase. The 
formation of crystals or Maillard browning is preventable by limiting the lactose 
concentration in the water phase. The maximum solubility in water of lactose at 20oC is 
about 17 % w/w (Templeton and Sommer, 1932a). This means for example, a processed 
cheese food with a moisture content of 44 % should not exceed 7.48% lactose in 
formulation (Lee,1999).  
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2.4.6 WHEY PROTEIN 
Whey protein is approximately 20 percent of the protein found in bovine milk with 80 
percent of this protein consisting of the proteins α-lactalbumin and β-lactoglobulin (Eigel 
et al., 1984). Whey protein is used in different food applications for its ability to act as an 
emulsifier, foaming properties, a protein supplement or replacer and for gelation of 
different food products.             
There are two types of whey derived from different dairy product processing. Cottage 
cheese and acid casein manufacture produce acid whey.  Sweet whey is a co-product of 
the rennet coagulated natural cheese process (Schmidt et al., 1984). Acid whey has higher 
levels of calcium, magnesium, phosphate, and citrate (PF Fox, 2000).       
Whey protein powders are made by spray drying whey treated to achieve different 
protein contents. The methods used for production of whey protein isolates (WPI) and 
whey protein concentrate (WPC) are ultrafiltration, reverse osmosis, gel filtration and 
diafiltration (Siso, 1996). Whey protein isolate (WPI) is achieved by treating liquid whey 
with further processing by ion-exchange or microfiltration. WPC ranges in protein 
content from 35 to 80 percent and WPI are known to have higher protein up to 95 percent 
(PF Fox, 2000). This research focuses on the use of commercial WPC 34 powder and the 
influence the concentration of lactose in the powder has on a processed cheese product.  
Table 6 below shows the differences in the different whey protein products and their 
usages in different food products (Gangurde et al., 2011).  
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Table 6: Different types of whey protein and their compositional differences: 
adapted from (Gangurde et al., 2011) 
 
2.4.7 WHEY PROTEIN IN PROCESSED CHEESE 
The research has focused around incorporating whey protein has focused on the sensory 
and functionality: firmness and meltability of processed cheese. The purpose of 
incorporating WPC into PC is to maximize profitability and increase the nutritional 
benefits. The incorporation of WPC allows for the replacement of cheese proteins with 
whey proteins.              
There is conflicting information on the impacts of incorporating whey protein in 
processed cheese. Several tests concluded that there is an increase in firmness and 
decrease in the meltability with the addition of whey protein (Savello et al., 1989; Gupta 
and Reuter, 1993; Mleko and Foegeding, 2000). However, two studies found that the 
increase of WPC between 13.5 and 17% protein increased the meltability of processed 
cheese spreads (Abd El-Salam et al., 1996), (Al-Khamy et al., 1997). Due to the 
differences in processing conditions during these trials and the types of WPC used it is 
Product Protein 
concentration (%) 
Lactose (%) Fat (%) 
Whey Powder 11-14.5 63-75 1-1.5 
Whey protein 
concentrate 
25-89 4-52 1-9 
Whey protein 
isolate 
90-95 0.5-1 0.5-1 
Hydrolyzed whey 
protein concentrate 
>80 <8 <10 
Hydrolyzed whey 
protein isolate 
>90 0.5-1 0.5-1 
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believed that the functionality of the processed cheese is dependent on the type of WPC 
and the amount used in formulation.          
Several studies have revealed the pH and moisture of the final product significantly affect 
these sensory and functionality properties (Gupta and Reuter, 1993). Gupta and Reuter 
(1993) replaced between 7-20% young cheese solids with WPC. They were testing the 
impact of different emulsifiers and different levels of protein on processed cheese. It was 
found that trisodium citrate with an addition rate of 2.5% and a moisture of 45.2% 
produced the smoothest product and most desirable with regards to sensory. Gupta and 
Reuter (1992) determined a formula to be used to calculate the g WPC to be used in PC. 
(𝑔)𝑊𝑃𝐶 =
𝑎 ∗ 𝑏
𝑐
 
a=% TS of cheddar cheese 
b= g of cheddar cheese to be replaced 
c=% TS of WPC 
In this formula the replacement of total solids in cheddar cheese is replaced using total 
solids in WPC.                         
Gupta and Reuter (1993) also studied the effects of ultrafiltrated and diafiltrated whey. 
They concluded that WPC with high ultrafiltration and low calcium content was that 
most desirable for melting quality. When adding WPC to a formulation at greater levels 
the moisture of the product needs to be increased to get the same consistency in the final 
product.                      
Pinto el al, (2007), replaced cheese solids with WPC at levels of 1.5, 3.0, and 4.5 percent. 
In these experiments the researchers manufactured their own whey from buffalo skim 
milk to obtain approximately 15% total solids. They found that replacement of up to 4.5 
 
 
27 
percent total cheese solids improved the spreading ability, texture, and meltability of the 
processed cheese spread.  They determined that the pH and the moisture of the spreads 
were not influenced by the addition of WPC. However, the fat, protein and acidity of the 
cheese spreads differed significantly. The researchers noted the WPC produces milder 
flavors at levels of 3 and 4 percent, which has also been reported by other studies. 
Research looking at the effects of soy, egg, and whey protein in processed cheese; show 
that there is an increase in firmness with addition of these proteins (Hong, 1990). Soy 
protein has the highest firmness with whey having the least compared to each other. The 
replacement of proteins in processed cheese with whey proteins is possible. Research 
indicates that certain levels (4.5%) and type of whey protein can yield a desirable 
processed cheese.  
2.4.8 NON-FAT DRY MILK IN PROCESSED CHEESE 
Non-fat dry milk (NFDM) and other milk powders were manufactured to extend the shelf 
life and feasibility of transportation. The use of these powders in the manufacture of 
processed cheese is common within the industry. NFDM is traditionally used as filler in 
processed cheese to add protein. The protein is regarded as a functional component that 
can partially replace the proteins found in natural cheese. The use of NFDM is used in 
moderation because of its lactose content (Kapoor and Metzger, 2008). The effects of 
lactose in processed cheese can be found in Section 2.4.5 
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2.4.9 PERMEATE             
Whey and milk permeate are products within the dairy industry gaining traction with 
finding new outlets for their use. A concern with permeates in dairy products is the 
amount of lactose and minerals they contribute. There has been little research conducted 
on the use of permeates in processed cheeses. The references to permeates discuss the 
effects of lactose, which is discussed in Section 2.4.5 on Lactose content in processed 
cheese. The high levels of lactose can induce higher rates of Maillard browning and 
create an undesirable product.  
2.5 PATENTS                       
Current patents involving whey protein concentrate in processed cheese incorporate milk 
protein concentrate to increase the ratio of casein protein to whey protein in the processed 
cheese product. One patent focuses on processed cheese containing a ratio of 50:50 or 
75:25 casein to whey (Laye et al., 2003). They proteins used were: high viscosity whey 
protein, emulsified high fat whey protein powder, low calcium whey protein, and high 
solubility (Laye et al., 2003).                   
A separate patent has been obtained on incorporating supersaturated lactose in processed 
cheese without the formation of crystals (Han and Spradlin, 2001). The source of lactose 
is liquid whey. This invention involves the heating of the liquid whey to high 
temperatures and appropriate amount of time that will prevent the crystallization of 
lactose by breaking down the lactose into different components (Han and Spradlin, 2001). 
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2.6 MICROSTRUCTURE               
The microstructure of processed cheese has been extensively studied under various 
conditions. The studies focus primarily on the fat distribution and paracaseinate within 
the molecular structure. Microstructure has been studied using optical microscopy and 
electron microscopy. Recently, more studies have studied processed cheese structure 
using scanning electron microscopy (SEM).            
The microstructure testing has reviewed the paracaseinate network, changes in fat globule 
size, and changes in natural cheese structure when converted into processed cheese. Other 
studies have researched the impact of crystallization in processed cheese. Several 
researches have also focused on the impact of pH, emulsifying salts and various 
ingredients used in processed cheese.           
(Caric and Kalab, 1993; Awad et al., 2002) studied the effects of various emulsifying salt 
mixtures using light microscopy and transmission microscopy on a block style processed 
cheese using Ras natural cheese. The researchers found that a ratio of 30:40:30 of sodium 
diphosphate, sodium polyphosphate, and sodium tripolyphosphate yielded a similar 
structure and distribution of fat globules to that of the 13 individual emulsifying salts 
legally allowed in processed cheese (Awad et al., 2002). Figure 4 displays the different 
ratios studied using this particular mixture of emulsifying salts. In Figure 4, (E2) shows 
the most similar distribution of fat in the protein matrix with the Joha SE salt (C).  
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Figure 4: Light Microscopy images from salt mixtures sodium diphostphate, sodium 
polyphosphate, and sodium tripolyphosphate; with ratios (E1) 40:50:10, (E2) 
30:40:30, (E3) 30:30:40 and (c) commercial Joha SE salt. (p) protein matrix; (f) fat 
globule adapted from (Awad et al., 2002) 
 
When natural cheese is processed with emulsifying salts to form a processed cheese the 
resulting mixture shows the separation of fat from the protein matrix (Caric and Kalab, 
1993). The natural emulsifying properties of natural cheese interact with the emulsifying 
salts allowing the emulsification of fat into small globules (Rayan et al., 1980). Figure 5, 
displays fat globules and the protein matrix observed by Rayan and others (1980) using 
SEM technology during processing.  
 
 
 
 
 
 
31 
 
 
 
 
 
 
 
 
 
 
Figure 5: SEM of fat globules within the protein matrix (m). Large arrows represent 
insoluble calcium phosphate crystals and small arrows showing soluble emulsifying salts 
adapted from: (Rayan et al., 1980) 
 
2.7 SUMMARY 
Processed cheese developed out of a desire to extend the shelf-life of natural cheese in 
the early 1900’s. Since this time, processed cheese has been extensively studied. These 
studies have shown that the formulation of the processed cheese is extremely important 
when developing a final product. The manipulation of ingredients and processing 
parameters have allowed the dairy industry to develop a wide variety of processed 
cheeses. The processing conditions and storage of processed cheeses are just as important 
to developing a desirable product. More in depth research has been done on the 
microstructure of processed cheese to better understand how different variables affect the 
structure and result in desirable or undesirable products. The use of other dairy 
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ingredients such as non-fat dry milk, whey protein concentrate, and lactose have been 
studied in processed cheeses and many are currently being used as added protein or filler 
components to the product. These powders are high in lactose and have been seen in 
causing negative effects on the final processed cheese. The usage rate of these powders 
are limited because of the high lactose levels. Understanding the processing parameters 
and the different variables allows for the development of functional processed cheeses.  
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3.0 JUSTIFICATION FOR WORK  
Processed cheese is a complex system that is affected by a variety of variables such as 
type of ingredients, amount of ingredients, formulation, and cooking conditions. There 
has been extensive research on a large amount of these variables such as the types of 
emulsifying salts and the amount of emulsifying salts used in processed cheese. Based on 
these particular studies on emulsifying salts, it was determined that trisodium citrate and 
disodium phosphate are most suitable for a block style or slice-on-slice processed cheese. 
However, little literature has focused on the impact of these two emulsifying salts with 
different levels of lactose in a block style processed cheese. A few researchers have 
investigated the impact of different varieties whey protein in processed cheese on 
functionality and flavor. These studies have found that the hardness of the processed 
cheese often increases with increasing amounts of whey protein (Guapta and Reuter, 
1993). However these studies were investigating the addition whey proteins or 
replacement of caseins with whey proteins for understanding the functionality of 
processed cheese.                
The literature also lacks an understanding of the impact of lactose from direct lactose 
powder addition and lactose derived from non-fat dry milk and whey protein concentrate 
on the functionality of processed cheese. One researcher looked at the impact of direct 
lactose addition at increasing levels and found negative effects on hardness and structure 
with increase in lactose (Hong, 1990). The majority of literature around the impact of 
lactose focuses on the Maillard browning reaction. These studies investigate the impact 
of browning on stored processed cheese overtime.   
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There have been several researchers that have studied the effect on age in processed 
cheeses. These studies showed that for a block style processed cheese a younger cheese is 
most desirable. However, these studies have not investigated the combination of different 
dairy powders containing lactose and different emulsifying salts on functionality. It is 
hard to compare between studies because the majority develop processed cheese under a 
variety of different conditions that could impact the final product.                                
This thesis aims to build on previous research and investigate the impact of lactose from 
different dairy powders on the properties of a block style processed cheese. The 
relationships between different ages of natural cheese, types of emulsifier, and lactose 
levels. The objective of this research is to add to existing literature in order to understand 
the impacts of these different conditions on processed cheese. The data produced could 
help in supporting previous literature and aid dairy manufacturers in understanding how 
certain powders have potential to be used in processed cheese.  
The hypotheses studied were: 
 The increase level of lactose in combination with different ages of cheese and 
different emulsifying salts will cause increase browning in the final processed 
cheese. 
 Lactose levels at 8% and source of lactose will result in a negative impact on 
functionality of processed cheese (hardness, melt, cohesiveness)  
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4.0 MATERIALS AND METHODS 
4.1 PRELIMINARY STUDY ON PROCESSED CHEESE 
Preliminary research and studies were conducted on processed cheese to determine the 
most suitable recipe for experimental analysis. From these studies it was determine 
trisodium citrate and disodium phosphate would be used because they have been found to 
be the most desirable in a block style processed cheese (Kapoor and Metzger, 2008).  
4.2 EXPERIMENTAL DESIGN 
The experiment encompassing this paper was designed using a randomized complete 
block design to test the impact of lactose levels on a processed cheese as previously 
hypothesized. This was a 3x3x2x4 factorial with ingredients source at 3 levels, lactose at 
3 levels, emulsifying salts at 2 levels and age of natural cheese at 4 levels. Cheeses were 
produced in triplicate for each age of natural cheese. All treatment combinations were 
performed each day. The design of the experiment can be seen in Table 7. 
Table 7: Experimental design for cheese formulations 
Factor Treatment Levels Day Response 
Variable 
Ingredient Lactose  
 
 
 
Day 1 
Day 2 
Day 3 
 
Hardness 
NFDM 
WPC 34 
Lactose (%) 0 Melt 
4 
8 
Emulsifying Salt SP Browning 
TSC 
Age of Natural 
Cheese (Days) 
30 
60 pH 
90  
Cohesiveness 120 
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4.3 STATISTICAL ANALYSIS  
This experiment used a randomized complete block design with three observations/block 
combination. The block in this experiment was by trial for each age of natural cheese. 
Analysis of variance (ANOVA) models were used to compare treatment means. ANOVA 
measures the means for different populations and compares to see if they are equal. In 
this experiment the response variables for statistical analysis were: pH, melt (%), 
hardness (g), cohesiveness, and browning (BF).  Tukey’s Method, honest significant 
method (HSD), Post-hoc comparisons were used to evaluate individual treatment means 
at a 0.01 significance level. Statistical analysis was performed using JMP Pro (JMP Pro, 
Version 12.1, SAS Institute Inc., Cary, NC).  
4.4 INGREDIENTS  
Natural white cheddar 40 pound blocks of cheese were acquired from a commercial 
cheese plant manufactured on September 6, 2015. Natural cheese was aged at 4oC until 
used for processed cheese. Non-fat dry milk was obtained in 40 lb bag from Dairy 
Farmers of America (Kansas City, MO). Whey Protein Concentrate was obtained in 40 lb 
bag from Saputo Cheese USA, Inc. (Tulare, CA). Lactose powder was obtained in 50lb 
bag from a commercial processing plant. Unsalted butter was obtained from Challenge 
Butter (Dublin, CA). Emulsifying salts were obtained from ICL Food Specialties (St. 
Louis, MO).  
4.5 STANDARDIZATION OF FORMULAS 
Processed cheese formulas were standardized for the same moisture, fat, protein content 
using excel formulas based on the chemistry (moisture, fat, protein) of the base 
 
 
37 
ingredients. The standardization was done by testing the moisture, fat, and protein 
contents of the various ingredients and then balanced for target compositions.  Table 8 
shows the target compositions for the processed cheese. The compositions of each 
ingredient used in the formulations can be found in Table 9. The formulations for each 
treatment are shown in Table 10.Less cheese was used to compensate for protein 
contributed by ingredient sources. Butter was also used to balance fat required in some 
formulas (see Table 10).  
Table 8: Target compositions for processed cheese formulations 
 
 
Table 9: Percent compositions for ingredients used in formulation  
Ingredients 
Composition Cheese Butter NFDM Whey Lactose 
Moisture 38.98 0.16 3.00 4.5 - 
Fat 34.0 0.82 0.80 5.0 - 
Protein 22.4 - 34.0 34.0 - 
Lactose 0.18 - 52 50 99 
 
 
Targets Amount% 
Moisture 44.00±1.00 
Fat 27.00±1.00 
Protein 17.00±1.00 
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Table 10: Formulations for processed cheeses for each treatment by percent weight 
 
4.6 MANUFACTURE OF PROCESSED CHEESE 
4.6.1 INGREDIENT PREPARATION 
White cheddar natural cheese was obtained in 40 pound blocks from a commercial 
processing facility. All natural cheese was made on the same day and aged at 4oC for the 
appropriate amount of time. For each trial the natural cheese was tempered for 3 hours at 
ambient temperatures. Cheeses were then cut into 1 inch x 1 inch cubes using a double 
white handled cheese knife. Cheese cubes were weighed then stored at 5.5oC for 24 hours 
until used for processed cheese manufacture.  
Ingredients Control Whey 
4% 
Whey 
8% 
NFDM 
4% 
NFDM 
8 % 
Lactose  
4 % 
Lactose 
8% 
Cheese 76.7 61.27 48.17 61.27 48.18 75.00 74.0 
Water  15.54 18.38 22.48 18.38 22.48 13.5 13.0 
Butter 2.07 8.17 9.63 8.17 9.64 2.53 2.03 
Whey - 8.01 15.93 - - - - 
NFDM - - - 8.01 15.92 -  
Lactose - - - - - 4.04 8.00 
ES (TSC or DSP) 2.59 2.53 2.50 2.53 2.51 2.53 2.50 
Salt 2.30 1.63 1.28 1.63 1.28 2.00 1.20 
Total  100.00 100.00 100.00 100.00 100.00 100.00 100.00 
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For each trial all other ingredients (water, butter, lactose, NFDM, WPC 34, emulsifying 
salt, salt) were measured within 15 minutes of processing using a Mettler PM 4000 
balance (Mettler-Toledo LLC, Columbus, OH). Cheese was tempered at room 
temperature 30 minutes before processing.  
4.6.2 CHEESE MANUFACTURE 
Cheeses were processed on three different days for each age of natural cheese. The order 
of the cheese batches was randomized based on day. The manufacture of processed 
cheeses took place using a Stephan UMC 5-12 electronic batch cooker (Stephan 
Machinery, Hameln, Germany), as seen in Figure 6. The batch size for each processed 
cheese was 3 pounds. The settings used for processing are 300 rpm at 80oC with indirect 
steam injection. The temperature was set by pressing the second button down on the far 
left and temperature adjusted to 80oC using arrow on keypad.  
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Figure 6: Stephan UMC 5-12 electronic batch cooker (Stephan Machinery, Hameln, 
Germany) at California Polytechnic University  
 
The cooker was tempered to 80oC with hot water before each batch of processed cheese 
was made. The previously cut and weighed natural cheese, 25oC, was placed into 
processing bowl. The cheese was then ground for 1 minute at 300 rpm with no steam, 
Figure 7. Next, all other ingredients for that particular batch were poured added to the 
processing bowl. The mixture was then heated to 80oC at 300 rpm for 4-6 minutes. 
Processed Cheeses were then held at 80oC at 300rpm for 4 minutes, Figure 6. Total 
processing time was 8-10 minutes. Moisture of each batch of cheese was taken after the 
total processing time to ensure targets was met. Moisture analysis was done according to 
a modified version of Section 3.7.1. The cheese was not shredded due to the consistency 
right after processing. Using a plastic spoon the cheese was spread on to the sample pads 
until between 2.5 to 4 grams of cheese were measured. If moisture was low, water was 
Set at 
3=300rpm 
Temperature set 
at 80oC 
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added in 5 gram increments and moisture was again tested by same method.               
After the total processing time, processed cheeses were poured into 16 oz plastic 
containers, Figure 9. The lid was closed and processed cheeses were held at ambient 
temperatures for 2 hours before being placed in refrigeration at 5.5oC until testing was 
conducted.   
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Figure 7: Ground cheese after 1 minute of processing at 300 rpm, before ingredient 
addition 
 
 
 
 
 
 
 
 
Figure 8: Processed cheese after addition of ingredients and total processing time  
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Figure 9: Finished processed cheese in 16 oz plastic container held at ambient 
temperature for 2 hours 
 
4.7 CHEMICAL COMPOSITION ANALYSIS 
4.7.1 MOISTURE ANALYSIS 
Moisture content was determined by the CEM AVC-Moisture Analyzer (Mathews, NC). 
The CEM was set at 80% power for 4 minutes with 2.5 to 4 grams of cheese analyzed. 
Two CEM sample pads were placed in the CEM and the weight was zeroed. The cheeses 
were kept at room temperature for no more than 5 minutes before sampling. Cheeses 
were shredded using a hand cheese shredder. The shredded cheese was placed on two 
CEM sample pads until 2.5 to 4 grams were obtained. The bottom CEM sample pad was 
put on top of the cheese so the cheese was in the middle of the two pads. Cheeses were 
tested in duplicate. Moisture content of the natural cheese was determined in order to 
adjust the processed cheese formula. Processed cheeses moisture content was determined 
to ensure all formulations were the same moisture level.  
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4.7.2 PROTEIN CONTENT 
The protein content of natural and processed cheeses was determined by Sprint Rapid 
Protein Analyzer, according to AOAC 2011.04 as seen in Figure 10 (CEM Corporation, 
Mathews, NC). The Sprint Rapid Analyzer works using a dye binding method. The 
cheese sample is mixed with anionic dye that binds to free amino terminal groups and 
cationic groups. The protein content is determined by the amount of dye removed from 
the solution that is not bound to the previous mentioned groups CEM Corporation, 
Mathews, NC). Cheese samples were analyzed under the setting: Dairy Products, 
American Cheese. Cheeses were shredded using a hand shredder. Sampling cup was 
placed on balance and zeroed. Cheese was then measured between 0.5 to 0.6 grams and 
the “balance” key was pressed to record weight for analysis. Sample cup was placed in 
machine and analyzed for protein content. The protein content of the natural cheese was 
determined in order to adjust the processed cheese formula. Processes cheeses protein 
content was determined to ensure all formulations were the same protein level.  
 
 
 
 
 
Figure 10: Sprint Rapid Protein Analyzer Cal Poly (2016) 
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4.7.3 pH METER 
The pH of the chees were determined using a Thermo Scientific Orion 2 Star benchtop 
pH meter (Thermo Scientific, Waltham, WA). A Thermo Scientific Orion 9162BNWP 
Low Resistance pH Electrode (thermo Scientific, Waltham, WA) was used for testing. 
The pH meter was calibrated before each experiment in standard solutions of pH 4 and 
pH 7. Before testing, cheeses were held at room temperature for 30 minutes. Cheeses 
were tested in duplicate.  
4.8 FUNCTIONALITY TESTS 
4.8.1 TEXTURE ANALYSIS 
Texture profile analysis was performed on processed cheeses using TA-XT2 (Texture 
Technology Corporations, Scarsdale, NY), as seen in Figure 12-13. The tests were 
performed using Expert Version 2.64 software (Stable Micro Systems, Scarsdale, NY). 
The testing parameters are listed in Table 11 using a TA-25 (2” diameter aluminum 
cylinder, 20 mm in height) according to (Drake, et. al. 1999). The TPA settings for 
texture analysis involve a series of two compressions that allows the evaluation of texture 
properties. Figure 13 displays the two curves generated by the two compressions.  
 Processed cheese samples were prepared by using a Nemco Easy Cheeser-N55300A, 
Figure 11, with ¾” width between cheese wires (Nemco Incorporation, Hicksville, Ohio). 
When slices of cheese were cut then a 20 mm x 20 mm stainless steel cylinder was used 
to form 20x20mm cheese cylinders. Individual samples were wrapped in saran wrap and 
placed in labeled WhirlPak® bag and placed in 4oC refrigeration for 24 hours. When 
samples were to be tested they were placed at room temperature 25oC for 30 minutes in 
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the WhirlPak® bag. Samples were then individually tested by being placed on the 
platform and performing TPA analysis on samples in triplicates.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Nemco Easy Cheeser-N55300A, with ¾” width between cheese wires 
(Nemco Incorporation, Hicksville, Ohio) 
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Table 11: Texture profile analysis parameters  
Testing Parameter Parameter Settings 
Test Mode TPA 
Pre-Test 0.4 mm/s 
Test Speed 0.4 mm/s 
Post-Test 0.4 mm/s 
Compression 80% 
Probe TA-25 aluminum cylinder 
 
 
       
 
 
 
 
 
 
 
Figure 12: Texture analyzer Cal Poly (2016) 
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Figure 13: Texture analyzer with processed cheese sample 
Texture measurements for hardness and cohesive were taken from the software output 
seen in Figure 14 for hardness (Drake et al., 1999). The top of the first peak represents 
the hardness (A). Cohesiveness was determined by the difference of B and C. The 
hardness is a representation of the “first bite” of a food and is the peak force of the first 
compression (Bourne, 1978). The cohesiveness is a measure how well the product can 
withstand a second deformation (Bourne, 1978). 
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Figure 14: Texture profile analysis from Expert Version 2.64 software 
 
4.8.2 MELT TESTS  
Melt test were performed using a modification of the Arnnott melt procedure (Arnott et 
al., 1957). Processed cheese samples were prepared by using a Nemco Easy Cheeser-
N55300A with ¾” width between cheese wires (Nemco Incorporation, Hicksville, Ohio). 
When slices of cheese were cut then a 20 mm x 20 mm stainless steel cylinder was used 
to form 20x20mm cheese cylinders. Individual samples were wrapped in saran wrap and 
placed in labeled WhirlPak® bag and placed in 4oC refrigeration for 24 hours. When 
samples were to be tested they were placed at room temperature 25oC for 30 minutes in 
the WhirlPak® bag. Samples were randomized and individually placed on a glass Petri 
dish and heated in Fisher Scientific Isotemp (Thermo Fisher Scientific, Pittsburg, PA) 
oven for 15 minutes at 100oC for 15 minutes. The cheese was cooled at room temperature 
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for 30 minutes and measured for the height. The meltability was calculated by taking the 
following formula into “percent melt”:  
(
𝑀𝑒𝑙𝑡𝑒𝑑 𝐻𝑒𝑖𝑔ℎ𝑡 (𝑚𝑚)
𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝐻𝑒𝑖𝑔ℎ𝑡 (20𝑚𝑚)
) ×  100 = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑀𝑒𝑙𝑡 
4.8.3 BROWNING TESTS 
Browning tests on the cheeses were conducted using a modified protocol determined in a 
previous study (Wang and Sun, 2003). Processed cheese samples were prepared by using 
a Nemco Easy Cheeser-N55300A with ¾” width between cheese wires (Nemco 
Incorporation, Hicksville, Ohio). Cheeses were sampled using a 40 mm x 5 mm stainless 
steel cylinder punched into cheeses to obtain samples. Cheese samples were placed in a 
light box and individually photographed before and after using a Nikon Coolpix P510 
(Nikon Corporation, Minato, Tokyo, Japan) camera with a NIKKOR 42X wide optical 
zoom lens.  
Browning of the processed cheese was determined by placing cheese samples 
individually on a glass Petri dish in a Fisher Scientific Isotemp oven (Thermo Fisher 
Scientific, Pittsburg, PA) for 10 minutes at 100oC then cooled for 30 minutes.  Samples 
were analyzed for gray scale values using ImageJ computer software. The gray scale 
values were measured before and after heating in the oven. The ratio in gray scale before 
and after heating were used to determine browning displayed in the equation below. The 
higher the gray scale value is equivalent to less browning on a scale from 0-200. Cheeses 
were tested in duplicate.  
(
𝐺𝑟𝑎𝑦 𝑉𝑎𝑙𝑢𝑒 𝐵𝑒𝑓𝑜𝑟𝑒
𝐺𝑟𝑎𝑣𝑦 𝑉𝑎𝑙𝑢𝑒 𝐴𝑓𝑡𝑒𝑟
) ∗ 100 
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4.9 MICROSTRUCTURE  
Microstructure testing was done using a Scanning Electron Microscope (SEM). Samples 
of processed cheeses were sent to Daisy Brands (Dallas, Texas) for imaging. The samples 
were processed on a Zeiss Supra 40 SEM. Samples were fixed with a 2% glutaraldehyde 
and OsO4 in cacodylate solution and then critically point dried. The samples were then 
mounted to stubs with tape and covered in gold and processed through the Zeiss Supra 40 
SEM. Images were then analyzed for the differences in the processed cheese matrices. 
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5.0 RESULTS AND DISCUSSION  
5.1 COMPOSITION 
 Processed cheese was made using different combinations of natural cheese, 
NFDM, WPC34 and lactose. The calculated composition for all processed cheeses made 
can be found in Table 12.  
Table 12: Calculated composition analysis for all processed cheese formulations 
 
5.2 EFFECT OF pH 
The target pH of a processed cheese differs depending on the product being made. The 
natural cheese and the emulsifying salts used will have the greatest effect on the pH.  In 
processed cheese the pH of the system helps maintain a steady emulsion (Marchesseau et 
al. 1997). The typical pH range for a processed cheese block is between 5.4-5.8 (Caric 
and Kalab 1993). The pH of cheese examined in this thesis was not standardized during 
processing but the ideal target range was between 5.6-5.7. Standardization was not used 
to allow the influence of different emulsifying salts on the pH to be examined.   The 
treatment combinations can be found in Section 3.2, Table 7. At α = 0.01, the results of 
this study indicated a significant difference (p=0.001) for the interactions between the 
  Total Solids 
(w/w%) 
Casein 
Protein 
(w/w%) 
Whey 
Protein 
(w/w%) 
Fat        
(w/w%) 
Lactose      
(w/w% 
Ash       
(w/w%) 
Control 55.85 17.1 0.00 29.00 0.18 3.50 
NFDM4 56.47 15.7 0.54 27.00 4.00 2.38 
NFDM8 56.47 14.7 1.07 24.27 7.86 2.14 
Whey4 56.43 13.5 2.72 27.00 4.00 2.38 
Whey8 56.72 10.6 5.46 24.27 7.96 2.16 
Lactose4 56.69 16.9 0.00 27.39 4.13 2.65 
Lactose8 55.09 16.8 0.00 27.45 7.82 2.66 
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emulsifier type and treatment combination, as well as day and treatment combination 
(p=0.008) on pH, as seen in Table 13. All other interactions were not significant (p>0 
.01). Table 14 summarizes the pH values obtained during the four trials for each 
combination of emulsifier and treatment. It can be concluded that the differences in pH 
were due to an interaction between the type of emulsifying salt and the treatment used. 
Processed cheeses made with trisodium citrate had a significantly lower pH than 
processed cheeses made with disodium phosphate when combined with whey protein at 
4% lactose or 4% lactose powder. Other treatments (except NFDM at 8% lactose) had 
marginally lower pH when made with trisodium citrate compared to disodium phosphate, 
but these differences were not statistically significant (p>0.01). Figure 15 shows the pH 
means of the two emulsifiers and seven treatment combinations.   
Table 13: ANOVA table for all main effects and interactions on pH. Source = treatment 
applied, Day = day age of natural cheese, Emulsifier = disodium phosphate or trisodium citrate, 
Treatment= NFDM4=nonfat dry milk 4% lactose, NFDM8=nonfat dry milk 8% lactose, Whey4= 
whey protein concentrate 4% lactose, Whey8= whey protein concentrate 8% lactose, Lactose4= 
lactose powder 4% lactose, Lactose8= lactose powder 8% lactose, DF = degree of freedom 
Source DF F Ratio Prob>F 
Day 3 4.93 0.003 
Emulsifier 1 74.98 0.000 
Treatment 6 37.45 0.000 
Day*Treatment 18 2.14 0.008 
Emulsifier*Treatment 6 4.12 0.001 
Day*Emulsifier 3 2.65 0.052 
Day*Emulsifier*Treatment 18 1.26 0.232 
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Table 14: Mean pH (% ±SE) for interaction between Emulsifier*Treatment. Samples with 
same letters are not significantly different by Tukey comparison (α=0.01). Means within the same 
column with different superscripts differ significantly (p<0.01). Percent lactose=percent weight in 
formulation, SP=disodium phosphate, TSC=trisodium citrate, NFDM4=nonfat dry milk 4% 
lactose, NFDM8=nonfat dry milk 8% lactose, Whey4= whey protein concentrate 4% lactose, 
Whey8= whey protein concentrate 8% lactose, Lactose4= lactose powder 4% lactose, Lactose8= 
lactose powder 8% lactose 
 
 
The combinations of disodium phosphate and NFDM at 8% lactose level and trisodium 
citrate at 8% lactose level gave the highest pH and were significantly different from both 
controls. This could be due to the high pH levels of NFDM milk with a typical pH of 
6.5±.024. It was also found that that trisodium citrate with lactose powder at 4% lactose 
exhibited the lowest pH. This is likely because lactose has very little buffering capacity 
so substitution with it leads to the product taking on the pH of the other components. 
Only four treatment combinations fell within the ideal ranges for processed cheese of 5.4-
5.8. All disodium citrate trials were out of range. Marchesseau el al. (1997) showed that 
at a pH greater than 6.1, processed cheese exhibits a more open structure with less 
protein-to-protein interactions and a weaker emulsion. As pH increased from 5.8 to 6.1 
there was a steady decrease in firmness after an initial increase from 5.2 to 5.8.  
 
Treatment and pH of products 
Emulsifier Control NFDM 4 NFDM8 Whey4 Whey8 Lactose4 Lactose8 
SP 5.86±.024cdef 5.98±.024abc 6.05±.024a 5.96±.024abc 6.02±.024ab 5.81±.024def 5.89±.024bcde 
TSC 5.77±.024ef 5.87±.024cdef 6.05±.024a 5.73±.024fg 5.93±.024abcd 5.62±.024g 5.77±.024ef 
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Figure 15: Mean pH for two emulsifier and treatment combination, error bars indicate 
standard error (SE). Percent lactose=percent weight in formulation SP=disodium phosphate, 
TSC=trisdsodium citrate, NFDM4=nonfat dry milk 4% lactose, NFDM8=nonfat dry milk 8% 
lactose, Whey4= whey protein concentrate 4% lactose, Whey8= whey protein concentrate 8% 
lactose, Lactose4= lactose powder 4% lactose, Lactose8= lactose powder 8% lactose. 
Sum=individual mean value for each treatment  
 
 
As seen in Figure 16, there is also a significant interaction between day and treatment. 
The NFDM8 at 30 and 60 days was significantly different than Lactose4 and Lactose8 at 
the same days of age. This is likely due to the higher buffering capacity of Non-fat Dry 
Milk. The lactose is taking on the pH of the other components in the processed cheese.  
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Figure 16: Mean pH for day age natural cheese and treatment combination, error 
bars indicate standard error (SE). Percent lactose=percent weight in formulation 
SP=disodium phosphate, TSC=trisdsodium citrate, NFDM4=nonfat dry milk 4% lactose, 
NFDM8=nonfat dry milk 8% lactose, Whey4= whey protein concentrate 4% lactose, 
Whey8= whey protein concentrate 8% lactose, Lactose4= lactose powder 4% lactose, 
Lactose8= lactose powder 8% lactose. Sum=individual mean value for each treatment  
 
5.3 MELT 
The key measures of melting properties of processed cheese are melt and flow 
(Gunasekaran and Ak 2003). Flowability is how much processed cheese spreads when 
heated, whereas the melt is how much the processed cheese softens when heated. The 
main melt tests widely used in the industry are the Arnott melt test, Schreiber melt test, 
and Olson and Price melt test (Arnott et al., 1957; Olson and Price, 1958; Kosikowski, 
1977). The Schreiber melt test uses a 39.5 mm diameter and 3/16 inch height cheese 
sample and tests the dimension spread of the cheese upon heating at 232oC. The Arnott 
melt test also measures the change in dimension of a cheese cylinder upon heating in an 
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oven. The Olson and Price melt test uses a glass tube and measures the distance spread of 
a 30 mm x 20 mm cheese cylinder inside the tube. The various melt tests make it difficult 
to compare between results because there is weak correlation between techniques (Park 
and Rosenau 1984; Gunasekaran and Ak 2003). The Arnott melt test was used for this 
thesis as it worked best for the product being evaluated. The Schreiber melt test resulted 
in scorching of the cheeses instead of melting. At α = 0.01 using the Arnott melt test, the 
results of this study indicated a significant (p=0.001) three way interaction effect between 
age of natural cheese, emulsifier used, and treatment, as seen in Table 15 (Arnott et al. 
1957). All other interactions and main effects were not interpreted. Figures 16a-& 16b 
display the percentage melt for each treatment, age of natural cheese and emulsifying 
salt. 
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Table 15: Anova table for all main effects and interactions on melt.     
Source = treatment applied, Day = day age of natural cheese, Emulsifier = disodium phosphate or 
trisodium citrate, Treatment= NFDM4=nonfat dry milk 4% lactose, NFDM8=nonfat dry milk 8% 
lactose, Whey4= whey protein concentrate 4% lactose, Whey8= whey protein concentrate 8% 
lactose, Lactose4= lactose powder 4% lactose, Lactose8= lactose powder 8% lactose, DF = 
degree of freedom 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source DF F Ratio Prob>F 
Day 3 45.90 0.003 
Emulsifier 1 0.875 0.000 
Treatment 6 49.52 0.000 
Day*Treatment 18 9.80 0.000 
Emulsifier*Treatment 6 36.64 0.000 
Day*Emulsifier 3 6.17 0.001 
Day*Emulsifier*Treatment 18 5.9 0.000 
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Figure 17a: Percentage melt for interaction between Emulsifier*Treatment*Age of 
Natural cheese for trisodium citrate. Error bars represent standard error for each sample. 
Percent lactose=percent weight in formulation SP=disodium phosphate, NFDM4=nonfat dry milk 
4% lactose, NFDM8=nonfat dry milk 8% lactose, Whey4= whey protein concentrate 4% lactose, 
Whey8= whey protein concentrate 8% lactose, Lactose4= lactose powder 4% lactose, Lactose8= 
lactose powder 8% lactose Sum=individual mean value for each treatment 
 
 
Figure 17b: Percentage melt for interaction between Emulsifier*Treatment*Age of 
Natural cheese for disodium phosphate. 
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Table 16: Mean melt percentage (% ±SE) for melt of interaction between 
Emulsifier*Treatment*Age of Natural cheese. Samples with same letters are not significantly 
different by Tukey comparison (α=0.01). Means based on inverse log of log transformation. 
Percent lactose=percent weight in formulation SP=disodium phosphate, TSC=trisodium citrate, 
NFDM4=nonfat dry milk 4% lactose, NFDM8=nonfat dry milk 8% lactose, Whey4= whey 
protein concentrate 4% lactose, Whey8= whey protein concentrate 8% lactose, Lactose4= lactose 
powder 4% lactose, Lactose8= lactose powder 8% lactose 
 
 
The results, as seen in Table 16, show the treatment combination of disodium phosphate, 
120 days age, and NFDM8 was significantly different than all other treatment 
combinations. This treatment combination had the lowest percentage melt with an 
average of 18.8%, which is way outside the range seen for the rest of the data. This is in 
line with previous research that has shown the emulsifying salt disodium phosphate 
dehydrate had the lowest melting area compared to other emulsifying salts (Kapoor and 
Metzger, 2008). Purna et al. (2006), found an increase in flowability of cheeses from 14 
  
 
         Treatment 
Emulsifier Day Control NFDM 4 NFDM8 Whey4 Whey8 Lactose4 Lactose8 
 
 
SP 
 
30 89.16±2.32a 82.50±2.32abc 35.83±2.32f 89.16±2.32a 90±2.32a 90.00±2.32a 90.00±2.32a 
60 66.25±2.32abcde 87.75±2.32a 63.75±2.32abcde 90.00±2.32a 62.5±2.32abcde 47.5±2.32def 83.75±2.32ab 
90 68.75±2.32abcde 87.75±2.32a 61.25±2.32abcde 87.5±2.32a 50.00±2.32cdef 47.5±2.32def 82.5±2.32abc 
120 78.75±2.32abc 80.00±2.32abc 18.75±2.32g 88.75±2.32a 88.75±2.32a 65.00abcde 85.00±2.32ab 
 
TSC 
 
 
30 90.00±2.32a 90.00±2.32a 90.00±2.32a 90±2.32a 90.00±2.32a 86.67±2.32a 76.67±2.32abc 
60 60.00±2.32abcde 60.00±2.32abcde 76.25abc 85.00±2.32ab 82.50±2.32abc 44.5±2.32ef 63.75±2.32abcde 
90 62.25±2.32abcde 63.75±2.32abcde 72.5±2.32abcd 81.25±2.32abc 85.00ab 32.5±2.32f 62.5±2.32abcde 
120 80.00±2.32abc 77.5±2.32abc 80±2.32abc 83.75±2.32ab 87.5±2.32a 51.25bcdef 77.5±2.32abc 
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to 84 days and then a decrease at 126 days, which would also align with the results seen 
here.  
Previous research has shown that the factors which lead to a lower melt are high levels of 
lactose, which prevents the full hydration of the caseins within the processed cheese 
network; pH which can affect the structure and functional properties; and overcreaming 
due to age (Kapoor and Metzger, 2008; Han and Spradlin, 2001). With the addition of 
NFDM, which has a high level of intact casein and helps give the cheese body and absorb 
moisture, the natural cheese undergoes hydrolysis leading to less free water and causing 
the system to reach a critical level of bound moisture. Through the addition of NFDM 
and hydrolysis, this free moisture is taken up during processed cheese processing. With 
the combination of these events and the slightly lower fat content of the NFDM8 
treatment, the resulting cheese is less free flowing. The composition data in Table 12 
shows this cheese has a slightly lower calculated fat content. Fat tends to act as a 
lubricant so a lower level would result in reduced flow. It is possible that a combination 
of some or all these effects lead to the much lower melt level seen in the disodium 
phosphate emulsifying salt at 120 days age of natural cheese with the treatment NFDM at 
8% lactose levels.  
 
5.3.1 EFFECT OF CHEESE AGE ON MELT 
Literature reports that as natural cheese ages and proteolysis occurs, the processed cheese 
exhibits higher melt (Olson et al., 1958; Vakaleris et al., 1962; Purna et al., 2006). It was 
observed that generally the natural cheese at 30 days exhibited the highest melt. The 
exact reason for this is unknown, the melt of processed cheese can be attributed to a 
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variety of factors in formulation and processing conditions. The melt is highly influenced 
by the pH, the intact casein of the natural cheese, type and amount of emulsifying salt 
used in processed cheese manufacture. It is also possible that the formulation used here 
created a lot of bound water, as hydrolysis of the casein occurred this would remove 
water from the system. What is being seen is a lack of free water to aid in the cheese 
flow. More work needs to be done in this area as the results show that contrary to 
literature increasing the age doesn't always lead to increasing melt.  
 
5.4 TEXTURE 
5.4.1 HARDNESS 
The TPA Hardness at α=0.01 showed there was a significant (p-value <0.000) interaction 
effect between the age of the natural cheese and the treatment. Due to a violation of the 
equal variance assumption of the ANOVA, as seen in residuals plot in Figure 17, a log 
transformation of the hardness data was performed. The main effects were not interpreted 
because of the significant interaction. The interactions of age of natural 
cheese*emulsifier*treatment (p=0.004), was interpreted based on the p-values in Table 
17.   
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Figure 18: Residuals vs. predicted value plot showing a violation of the equal   
variance assumption for the ANOVA on the hardness data—leading to log 
transformation of data.  
 
Table 17: ANOVA table for all main effects and interactions on log hardness.    
Source = treatment applied, Day = day age of natural cheese, Emulsifier = disodium phosphate or 
trisodium citrate, Treatment= NFDM4=nonfat dry milk 4% lactose, NFDM8=nonfat dry milk 8% 
lactose, Whey4= whey protein concentrate 4% lactose, Whey8= whey protein concentrate 8% 
lactose, Lactose4= lactose powder 4% lactose, Lactose8= lactose powder 8% lactose, DF = 
degree of freedom 
Source DF F Ratio Prob>F 
Day 3 42.62 0.000 
Emulsifier 1 50.56 0.000 
Treatment 6 335.27 0.000 
Day*Treatment 18 5.41 0.000 
Emulsifier*Treatment 6 2.10 0.058 
Day*Emulsifier 3 1.35 0.261 
Day*Emulsifier*Treatment 18 2.32 0.004 
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Table 18: Mean hardness for interaction between Emulsifier*Treatment*Age of Natural 
cheese. Samples with same letters are not significantly different by Tukey comparison (α=0.01). 
Means based on inverse log of log transformation. Percent lactose=percent weight in formulation 
SP=disodium phosphate, TSC=trisodium citrate, NFDM4=nonfat dry milk 4% lactose, 
NFDM8=nonfat dry milk 8% lactose, Whey4= whey protein concentrate 4% lactose, Whey8= 
whey protein concentrate 8% lactose, Lactose4= lactose powder 4% lactose, Lactose8= lactose 
powder 8% lactose 
 
5.4.1.1 EFFECT OF LACTOSE ON HARDNESS 
Hong (1990) found that a higher lactose concentration decreased the hardness of the final 
processed cheese. This same effect was seen in this work comparing the control to the 
treatment with lactose added. Table 18 shows the mean values of hardness (g) for the 
three way interaction of day, treatment, and emulsifier. The results show that the addition 
of lactose powder at 8% levels and 30, 60, and 90 days of age for natural cheese with 
disodium phosphate were lower in hardness that all processed cheeses with disodium 
phosphate and no additional lactose at the same days of age  
  
 
Treatment 
Emulsifier Day Control NFDM 4 NFDM8 Whey4 Whey8 Lactose4 Lactose8 
 
 
 
 
SP 
 
30 4110.53abcd 3828.6abcde 2314.75bcdefghi 892.8klmno 523.77op 3612.13abcdef 1678.4fghijk 
60 4038.67abcd 2891.27abcdefgh 2664.77abcdefghi 731.47lmnop 498.2op 3253.2abcdefgh 1595.07ghijkl 
90 3883.84abcd 2776.85abcdefgh 4891.01ab 677.05nop 382.65p 3278.81abcdefgh 1236.86ijklmn 
120 1798.88efghijk 1740.2efghijk 2047.06defghij 637.2nop 480.5op 2133.32cdefghij 1103.04jklmno 
 
 
 
 
TSC 
 
 
30 5097.67a 4111.32abcd 3627.8abcdef 1496.47hijklm 689.03mnop 4621.93abcd 2840.62abcdefgh 
60 4045.5abcd 3155.77abcdefgh 3060.23abcdefgh 674.8nop 522.7op 4658.2abc 2450.02abcdefghi 
90 4050.04abcd 3689.17abcde 3292.38abcdefg 826.7klmno 549.8op 4504.6abc 2287.29bcdefghi 
120 2005.13ghijk 2394.01abcdefghi 4162.33abcd 588.75nop 638.1nop 3760.99abcde 1018.11jklmno 
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5.4.1.2 EFFECT OF WHEY PROTEIN CONCENTRATE ON HARDNESS 
The addition of WPC34 reduced hardness of the processed cheese, seen in both Whey4 
and Whey8 with both emulsifiers as seen in Table 18. The treatments with Whey8 at all 
ages and emulsifying salts were significantly different than all control, NFDM, and 
Lactose4 treatments. When WPC34 was added the cheese recipe formulas were adjusted 
to remove casein but maintain a similar protein level. It was already discussed in the 
above section that lactose lowered hardness. However, the results for the addition of 
whey protein show a dramatically reduced hardness beyond that seen for just lactose. 
French et al. (2002), proposed that whey proteins could form large aggregates that disrupt 
the reformation of protein bonds in the processed cheese affecting the hardness.  
 
5.4.1.3 EFFECT OF NON-FAT DRY MILK ON HARDNESS  
The addition of NFDM to processed cheeses exhibited similar hardness levels to those of 
the control. All the NFDM treatments as seen in Table 18, were significantly different 
than the Whey8 treatments. This is due to the source of lactose with the casein in NFDM 
being more stable than that of whey. There was a significant difference in the treatment 
of NFDM8 with disodium phosphate at 90 days and the same treatment combinations at 
120 days of age. This is potentially due to the decrease in intact casein of the cheese at 
120 days of age.  
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5.4.1.4 EFFECT OF CHEESE AGE ON HARDNESS 
Figure 18a & b and Table 18 show that the control at 120 days of age is significantly less 
hard than the other controls at 30, 60, and 90 days of age. This is due to the proteolysis of 
the natural cheese over time. This means a younger cheese would be more ideal for a 
processed cheese block because it yields a harder texture. When incorporating Lactose8 
with trisodium citrate, as seen in Figure 18b, there was also a significant decrease in 
hardness at 120 days of age compared to the other ages under the same conditions. The 
addition of NFDM and Whey did not show an overall significant difference at 120 days 
of age compared to 30, 60, and 90.   
 
 
Figure 19a: Hardness (g) for interaction between Treatment*Age of Natural 
cheese*Emulsifier for disodium phosphate. Error bars represent standard error for each sample. 
Percent lactose=percent weight in formulation NFDM4=nonfat dry milk 4% lactose, 
NFDM8=nonfat dry milk 8% lactose, Whey4= whey protein concentrate 4% lactose, Whey8= 
whey protein concentrate 8% lactose, Lactose4= lactose powder 4% lactose, Lactose8= lactose 
powder 8% lactose Sum=individual mean for each treatment at each day of natural cheese age 
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Figure19b: Hardness (g) for interaction between Treatment*Age of Natural 
Cheese*Emulsifier for trisodium citrate 
 
5.4.2 COHESIVENESS  
The TPA Cohesiveness was evaluated by the ANOVA shown in Table 19, and at α=0.01, 
there was a significant interaction effect between the age of the natural cheese and the 
treatment (p-value < 0.001), and another significant interaction effect between the type of 
emulsifier and treatment (p-value < 0.001). Due to a violation of the residuals plot, as 
seen in Figure 19, in this ANOVA analysis used a log transformation of cohesiveness. 
The main effects were not interpreted because of the significant interactions. The 
interactions of age of natural cheese*emulsifier*treatment (p=0.03871), and age of 
natural cheese*emulsifier (p=0.28141) were not significant (p>0.01).  
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Figure 20: Violation of the residual vs. predicted results for cohesive data leading to 
log transformation of data 
 
 
Cohesiveness is the deformation of the cheese under a constant applied force (Drake et 
al., 1999). In regards to slice-on-slice style processed cheeses, cohesiveness is how well 
the processed cheese will separate from other slices.  No previous research was found 
that examined the effects of lactose on the cohesiveness of processed cheese. Previous 
studies showed that with an increase in whey proteins there was a decrease in the 
cohesiveness (Solowiej, B., 2010).   
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Table 19: ANOVA table for all treatments and interactions on log cohesiveness.    
Source = treatment applied, Day = day age of natural cheese, Emulsifier = disodium phosphate or 
trisodium citrate, Treatment= NFDM4=nonfat dry milk 4% lactose, NFDM8=nonfat dry milk 8% 
lactose, Whey4= whey protein concentrate 4% lactose, Whey8= whey protein concentrate 8% 
lactose, Lactose4= lactose powder 4% lactose, Lactose8= lactose powder 8% lactose, DF = 
degree of freedom                    
 
Table 20 shows the interaction of whey protein at 120 days age of natural cheese at 8% 
lactose levels, was the most cohesive (0.721) This can also be seen in Figure 21, where 
the cohesiveness is roughly 23% more than the next closest treatment of whey protein 
concentrate 34 at 8% lactose levels for 90 days age of natural cheese (0.491).  
 
 
 
 
 
Source DF F Ratio Prob>F 
Day 3 2.45 0.0670 
Emulsifier 1 24.53 0.000 
Treatment 6 113.6 0.000 
Day*Treatment 18 6.62 0.000 
Emulsifier*Treatment 6 7.67 0.000 
Day*Emulsifier 3 1.24 0.297 
Day*Emulsifier*Treatment 18 1.70 0.049 
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5.4.2.1 EFFECT OF CHEESE AGE ON COHESIVENESS 
As the age of the natural cheese increases the cohesiveness decreases (Wang, F. et al., 
2011). The cohesiveness values remained relatively constant with increase in cheese age 
with a slight decrease in cohesiveness for the control, lactose at 4% and the NFDM 
treatments at 120 days of age. However, there was a significant increase in cohesion with 
whey protein at 8% lactose at 120 days of age. This could potentially be due to an 
interaction between the high levels of whey protein found in this sample and the age of 
the natural cheese.  
5.4.2.2 EFFECT OF WHEY PROTEIN CONCENTRATE ON COHESIVENESS 
From Figure 20 and Table 20, it was observed that the treatments using whey protein 
were generally more cohesive than all other treatments with possible the exception of 
Lactose 8. The higher levels of whey protein with excess lactose levels could influence 
the protein matrix and hydration of the caseins resulting in an increase in cohesiveness. 
The increased level of whey proteins in these samples could influence the cohesion 
values. The whey treatments could be similar to Lactose8 because at the higher levels of 
lactose addition there could be more interaction among the particles in the processed 
cheese matrix leading to similar cohesion values. The cohesion values obtained in this 
research are in line with those observed by Solowiej et al. (2010), for the same level of 
whey protein within the processed cheese.  
5.4.2.3 EFFECT OF LACTOSE ON COHESIVENESS 
Figure 20 and Table 20 also show that by 120 days of age samples made from lactose 
powder at 8% lactose levels were more cohesive than other treatment combinations 
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besides those containing whey protein concentrate 34. This result could be due to the 
solubility of lactose in the water phase within the cheese matrix exceeded its capabilities 
leading to a more cohesive product. The results demonstrate that depending on the 
desirable cohesiveness of the final processed cheese, different treatments and ages of 
natural can be used. 
Table 20: Mean cohesiveness units (% ±SE) for interaction between  
Treatment*Age of Natural cheese. Samples with same letters are not significantly different by 
Tukey comparison (α=0.01). Means based on inverse log of log transformation. Percent 
lactose=percent weight in formulation, Days= days age of natural cheese NFDM4=nonfat dry 
milk 4% lactose, NFDM8=nonfat dry milk 8% lactose, Whey4= whey protein concentrate 4% 
lactose, Whey8= whey protein concentrate 8% lactose, Lactose4= lactose powder 4% lactose, 
Lactose8= lactose powder 8% lactose 
Treatment 
Day Control NFDM 4 NFDM8 Whey4 Whey8 Lactose4 Lactose8 
30 0.208±.023hij 0.229±.023efghij 0.231±.023efghij 0.303±.023cdefg 0.409±.023bc 0.200±.023hij 0.279±.023cdefgh 
60 0.223±.023fghij 0.211±.023ghij 0.213±.023ghij 0.312±.023cdef 0.339±.023bcd 0.194±.023hij 0.266±.023defghi 
90 0.194±.023hij 0.203±.023hij 0.228±.023fghij 0.338±.023bcde 0.491±.023b 0.199±.023hij 0.234±.023defghi 
120 0.208±.023hij 0.187±.023ij 0.191±.023ij 0.406±.023bc 0.721±.023a 0.160±.023j 0.296±.023cdefg 
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Figure 21: Cohesiveness for interaction between Treatment*Age of Natural cheese for all 
treatment levels. Error bars represent standard error for each sample. SP=disodium phosphate, 
NFDM4=nonfat dry milk 4% lactose, NFDM8=nonfat dry milk 8% lactose, Whey4= whey 
protein concentrate 4% lactose, Whey8= whey protein concentrate 8% lactose, Lactose4= lactose 
powder 4% lactose, Lactose8= lactose powder 8% lactose, Sum=individual mean for each 
treatment at each day of natural cheese age 
 
 
5.4.2.4 EFFECT OF EMULSIFYING SALTS ON COHESIVENESS 
As shown in Table 21 and Figure 21, there was not a noticable difference in the different 
emulsifying salts except with NFDM8. Dimitreli and Thomareis (2004), found that 
disodium phosphate and trisodium citrate exhibit similar texture properties when used in 
same concentration within processed cheese (Dimitreli and Thomareis, 2004).  
The only significant difference between the emulsifying salts for the same treatments is 
the use of non-fat dry milk at 8% lactose levels. Trisodium citrate with nonfat dry milk at 
8% is significantly higher in cohesiveness, as seen in Table 21, compared to disodium 
phosphate.  Table 14 in Section 5.2 shows that the pH for both of these treatments were 
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not significantly different. However, as seen in Section 5.3, Table 16, the combination of 
disodium phosphate and non-fat dry milk at 8% lactose levels exhibited restricted melt at 
120 days of natural cheese age. This treatment was also the lowest in cohesivness. It is 
possible that the restricted melt is due to low cohesion.       
Table 21: Mean cohesiveness percentage (% ±SE) interaction between   
Emulsifier*Treatment. Samples with same letters are not significantly different by Tukey 
comparison (α=0.01). Means based on inverse log of log transformation. Percent lactose=percent 
weight in formulation SP=disodium phosphate, TSC=trisodium citrate, NFDM4=nonfat dry milk 
4% lactose, NFDM8=nonfat dry milk 8% lactose, Whey4= whey protein concentrate 4% lactose, 
Whey8= whey protein concentrate 8% lactose, Lactose4= lactose powder 4% lactose, Lactose8= 
lactose powder 8% lactose 
 
Treatment 
Emulsifier Control NFDM 4 NFDM8 Whey4 Whey8 Lactose4 Lactose8 
SP 0.193±0.016ef 0.184±0.016ef 0.170±0.016f 0.344±0.016bc 0.499±0.016a 0.183±0.016ef 0.277±0.016bcd 
TSC 0.221±0.016de 0.230±0.016de 0.217±0.016bcd 0.335±0.016b 0.412±0.016a 0.221±0.016ef 0.261±0.016cd 
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Figure 22: Cohesiveness for interaction between Emulsifier*Treatment for all treatment 
levels. Error bars represent standard error for each sample. Percent lactose=percent weight in 
formulation SP=disodium phosphate, TSC=trisodium citrate, NFDM4=nonfat dry milk 4% 
lactose, NFDM8=nonfat dry milk 8% lactose, Whey4= whey protein concentrate 4% lactose, 
Whey8= whey protein concentrate 8% lactose, Lactose4= lactose powder 4% lactose, Lactose8= 
lactose powder 8% lactose 
 
5.5 BROWNING 
The browning of processed cheese is important to consider when adding dairy powders 
that contribute an excessive amount of lactose. Nonenzymatic browning has been 
observed in processed cheeses under certain storage conditions. Nonenzymatic browning 
occurs with interactions between the amino acids and reducing sugars such as lactose. 
The results are displayed in Table 22 at α=0.01. The interaction between age of natural 
cheese and treatment was highly significant (p<0.001) as was the interaction between 
emulsifier and treatment (p<0.001). All other interactions were not significant (p>0.01), 
and main effects were not interpreted due to significance in the one interaction. The 
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browning was determined by examining the browning factor (BF) or gray value of the 
final processed cheese before and after being subject to a heating treatment. As 
mentioned in Section 3.10 the calculation was determined by the following formula:  
(
𝑔𝑟𝑎𝑦 𝑣𝑎𝑙𝑢𝑒 (𝐺𝑉) 𝑏𝑒𝑓𝑜𝑟𝑒
𝑔𝑟𝑎𝑦 𝑣𝑎𝑙𝑢𝑒 (𝐺𝑉)𝑎𝑓𝑡𝑒𝑟
)*100 (Wang and Sun, 2003). The browning factor range is 0-200 
with lower BF values indicated a higher degree of browning.  Figure 23 shows the visual 
representation of the means seen in Table 23. There was only a small visual difference in 
browning between the cheese age and treatment combinations. The interaction of Whey4 
and Whey8 at 120 days showed significantly more browning than at 30 days. Although 
there was a significant difference, there was visually no difference between the 
treatments. The browning test took place within a week of manufacture and may have not 
allowed for sufficient amount of time for the browning reaction to occur. 
Table 22: ANOVA table for all treatments and interactions on browning.     
Source = treatment applied, Day = day age of natural cheese, Emulsifier = disodium phosphate or 
trisodium citrate, Treatment= NFDM4=nonfat dry milk 4% lactose, NFDM8=nonfat dry milk 8% 
lactose, Whey4= whey protein concentrate 4% lactose, Whey8= whey protein concentrate 8% 
lactose, Lactose4= lactose powder 4% lactose, Lactose8= lactose powder 8% lactose, DF = 
degree of freedom 
 
Source DF F Ratio Prob>F 
Day 3 2.45 0.000 
Emulsifier 1 24.53 0.164 
Treatment 6 113.6 0.000 
Day*Treatment 18 6.62 0.000 
Emulsifier*Treatment 6 7.67 0.613  
Day*Emulsifier 3 1.24 0.371 
Day*Emulsifier*Treatment 18 1.70 0.097 
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Table 23: Mean browning factor (% ±SE) for melt interaction between     
Treatment*Age of Natural cheese. Samples with same letters are not significantly different by 
Tukey comparison (α=0.01). Percent lactose=percent weight in formulation Day= days age of 
natural cheese, NFDM4=nonfat dry milk 4% lactose, NFDM8=nonfat dry milk 8% lactose, 
Whey4= whey protein concentrate 4% lactose, Whey8= whey protein concentrate 8% lactose, 
Lactose4= lactose powder 4% lactose, Lactose8= lactose powder 8% lactose 
Treatment 
Day Control NFDM 4 NFDM8 Whey4 Whey8 Lactose4 Lactose8 
30 102.46±1.10abc 103.32±1.10a 102.03±1.10abcd 103.05±1.10ab 103.88±1.10a 101.59±1.10abcd 101.52±1.10abcd 
60 101.98±1.10abcd 104.34±1.10a 104.53±1.10a 98.55±1.10abcd 98.44±1.10abcd 103.72±1.10a 99.343±1.10abcd 
90 104.19±1.10a 101.68±1.10abcd 101.50±1.10abcd 103.00±1.10ab 102.245±1.10abcd 104.41±1.10a 96.35±1.10bcd 
120 100.98±1.10abcd 101.50±1.10abcd 95.68±1.10d 95.98±1.10cd 96.41±1.10bcd 102.18±1.10abcd 98.17±1.10abcd 
 
 
Figure 23: Browning for interaction between Treatment*Age of Natural cheese for all 
treatment levels. Error bars represent standard error for each sample. Percent lactose=percent 
weight in formulation SP=disodium phosphate, TSC=trisodium citrate, NFDM4=nonfat dry milk 
4% lactose, NFDM8=nonfat dry milk 8% lactose, Whey4= whey protein concentrate 4% lactose, 
Whey8= whey protein concentrate 8% lactose, Lactose4= lactose powder 4% lactose, Lactose8= 
lactose powder 8% lactose 
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5.6 MICROSTRUCTURE  
Microstructure testing of six processed cheese samples with 60 day age natural cheese are 
shown below. The void or darker spaces in the image are the fat particles in the protein 
matrix. As Seen in Figure 24 with Lactose powder at 8% the fat particles are slightly 
smaller and more dispersed than those in Figure 25 for NFDM at 8% lactose.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24: SEM image of Lactose Powder at 8% lactose levels with disodium phosphate       
at 1µm 
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Figure 25: SEM image of NFDM8 with disodium phosphate at 1µm 
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6.0 CONCLUSIONS AND SIGNIFICANCE 
The main objective of this research was to understand the different variables that effect 
processed cheese. Ultimately the focus was on understanding the impact of lactose levels 
and different emulsifying salts on the properties of a block style processed cheese. It was 
originally hypothesized: 
 The increase level of lactose in combination with different ages of cheese and 
different emulsifying salts will cause increase browning in the final processed 
cheese. 
 With lactose levels at 8% by weight of the formulation will result in a negative 
impact on functionality.  
It was learned through this study the importance of ingredients and processing parameters 
on formulating a desirable processed cheese. When formulating a processed cheese it is 
important to choose the right emulsifying salts to achieve a satisfactory pH. In this study 
disodium phosphate resulted in higher pH values than trisodium citrate, which was 
expected. There was a significant difference between the treatment and the type of 
emulsifier. Lactose has very little buffering capacity so substitution with it leads to the 
product taking on the pH of the other components. This can help explain the difference 
between the different treatments.              
Melt analysis of the processed cheeses showed that most treatments at various ages of 
natural cheese age showed desirable melt characteristics. The formulation of NFDM8 
with disodium phosphate resulted in the most significant decrease in melt, which can be 
potentially explained by the loss of water through high casein levels and hydrolysis of the 
natural cheese. The hardness of the processed cheese showed the addition of whey 
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protein to the formulation resulted in lower hardness levels than the other treatments. The 
increase in age of the natural cheese also resulted in lower hardness values.            
It was also learned that the treatments with WPC8 were the most cohesive while NFDM8 
treatments had the lowest cohesiveness. This was attributed to the amount of casein 
proteins compared to whey proteins found in the processed cheese. There was a small 
difference in the browning results but increase levels of lactose did not result in a higher 
degree of browning as originally hypothesized. Further studies on storage time and 
temperature using these treatment combinations could result in a higher degree of 
browning.                     
Analysis of different treatment combinations and ages of natural cheese showed an 
impact of different interactions on the functionality of processed cheeses. This study was 
successful in showing how the formulation of processed cheeses impacts the final 
product. The addition of different dairy powders with high lactose levels can result in 
reduced hardness, melt, and increased pH. The combination of age of natural cheese, 
emulsifying salts, treatment and the interaction between these variables all have an 
impact on processed cheese.             
This study shows preliminary information for future research investigating the effect of 
lactose in processed cheese with different emulsifying salts. Depending on the desired 
functionality of the processed cheese a combination of the different formulations in this 
research can be used. The results of this research can also aid in formulating a processed 
cheese with different dairy powders that could reduce the cost for processed cheese 
manufactures.  
 
 
 
81 
7.0 DIRECTIONS FOR FUTURE RESEARCH 
Future research between lactose levels in processed cheese and the use of different 
emulsifying salts with different age of natural cheese would help understand in more 
depth how these variables impact processed cheese. Potential research directions are as 
follows: 
1. Investigate how lactose impacts the functionality of processed by maintaining a 
constant pH value 
2. Under the same processing parameters, understand the impact the level of 
calcium/phosphorus on the functionality of the processed cheese 
3. Investigate storage time and temperatures of finished processed cheeses with high 
lactose levels on browning 
4. Explore different processing time and temperature combinations of processed 
cheese treatments and their effects on functionality  
5. Quantify the different protein fractions in the processed cheeses to determine the 
impact of different levels of whey protein and casein protein 
6. Explore more in depth microstructure testing on the impact high levels of lactose 
have on crystal formation 
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APPENDICES  
Appendix A: Raw Data for Statistical Analysis   
Table 24: 30 Day Age Natural Cheese Raw Data 
Emulsifier Treatment Trial pH Hardness Melt BF Cohesiveness 
SP Control 1 5.82 4652 87.5 102.22 0.198 
SP Control 2 5.92 4094 90 97.11 0.211 
SP Control 3 5.88 3586 90 104.50 0.182 
SP NFDM4 1 5.98 3435 90 107.53 0.189 
SP NFDM4 2 5.98 2975 90 102.89 0.204 
SP NFDM4 3 6.09 5076 67.5 100.83 0.24 
SP NFDM8 1 6.09 2229 45 101.55 0.193 
SP NFDM8 2 6.15 2085 32.5 101.42 0.181 
SP NFDM8 3 6.11 2630 30 103.64 0.187 
SP Whey4 1 6.02 887 87.5 105.30 0.278 
SP Whey4 2 6.00 820 90 103.43 0.371 
SP Whey4 3 5.98 971 90 103.12 0.336 
SP Whey8 1 5.93 575 90 105.06 0.389 
SP Whey8 2 5.95 500 90 101.99 0.288 
SP Whey8 3 5.96 496 90 104.43 0.576 
SP Lactose4 1 5.86 3354 90 101.26 0.217 
SP Lactose4 2 5.89 4012 90 101.87 0.182 
SP Lactose4 3 5.84 3470 90 100.48 0.192 
SP Lactose8 1 5.92 1909 90 98.51 0.237 
SP Lactose8 2 5.92 1815 90 104.64 0.291 
SP Lactose8 3 6.05 1311 90 100.47 0.292 
TSC Control 1 5.85 4998 90 103.83 0.203 
TSC Control 2 5.64 4918 90 103.60 0.21 
TSC Control 3 5.60 5376 90 103.46 0.215 
TSC NFDM4 1 5.60 3978 90 97.98 0.23 
TSC NFDM4 2 5.88 4236 90 109.51 0.248 
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Emulsifier Treatment Trial pH Hardness Melt BF Cohesiveness 
TSC NFDM4 3 5.93 4120 90 101.20 0.264 
TSC NFDM8 1 6.06 3632 90 99.75 0.285 
TSC NFDM8 2 6.15 3815 90 106.83 0.286 
TSC NFDM8 3 6.09 3437 90 98.98 0.256 
TSC Whey4 1 5.74 1416 90 105.06 0.286 
TSC Whey4 2 5.82 1372 90 98.93 0.274 
TSC Whey4 3 5.75 1701 90 102.46 0.271 
TSC Whey8 1 5.85 555 90 103.95 0.38 
TSC Whey8 2 5.88 772 90 106.52 0.371 
TSC Whey8 3 6.01 740 90 101.37 0.455 
TSC Lactose4 1 5.61 5618 90 100.48 0.201 
TSC Lactose4 2 5.64 2914 80 103.85 0.187 
TSC Lactose4 3 5.63 5334 90 101.62 0.223 
TSC Lactose8 1 6.11 2902 80 105.64 0.287 
TSC Lactose8 2 5.67 1962 80 101.83 0.302 
TSC Lactose8 3 5.64 3658 70 98.03 0.266 
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Table 25: 60 Day Age Natural Cheese Raw Data 
Emulsifier Treatment Trial pH Hardness Melt BF Cohesiveness 
SP Control 1 5.83 4038.7 66.25 104.32 0.236 
SP Control 2 5.78 3476.3 62.5 104.13 0.293 
SP Control 3 5.61 4282.2 55 103.40 0.194 
SP NFDM4 1 6.1 3212.4 90 104.46 0.15 
SP NFDM4 2 5.9 2570.1 85 105.57 0.219 
SP NFDM4 3 5.9 3155.8 60 103.67 0.239 
SP NFDM8 1 6.225 2751.5 82.5 104.70 0.16 
SP NFDM8 2 6 2578 45 103.64 0.177 
SP NFDM8 3 6.06 3060.2 76.25 104.89 0.258 
SP Whey4 1 6.065 738.7 90 101.26 0.249 
SP Whey4 2 5.94 724.2 90 100.48 0.228 
SP Whey4 3 5.6 380.8 80 91.41 0.433 
SP Whey8 1 6.05 398.9 82.5 96.98 0.398 
SP Whey8 2 6.24 597.5 42.5 100.07 0.247 
SP Whey8 3 5.99 540.3 80 100.68 0.373 
SP Lactose4 1 5.76 3804.2 65 104.18 0.169 
SP Lactose4 2 5.71 2702.2 30 105.06 0.206 
SP Lactose4 3 5.62 5033.4 61.5 101.92 0.184 
SP Lactose8 1 5.94 1595.1 83.75 99.71 0.255 
SP Lactose8 2 5.82 1198.6 85 98.51 0.279 
SP Lactose8 3 5.85 2450 63.75 98.97 0.277 
TSC Control 1 6.07 3808.8 65 95.88 0.229 
TSC Control 2 5.84 4045.5 60 99.64 0.212 
TSC Control 3 5.81 4282.2 55 103.40 0.194 
TSC NFDM4 1 5.88 3560.3 62.5 102.62 0.235 
TSC NFDM4 2 5.91 2751.2 57.5 104.73 0.243 
TSC NFDM4 3 5.9 3155.8 60 103.67 0.239 
TSC NFDM8 1 6.07 3203.9 75 105.03 0.24 
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Emulsifier Treatment Trial pH Hardness Melt BF Cohesiveness 
TSC NFDM8 2 6.06 2916.6 77.5 104.75 0.275 
TSC NFDM8 3 6.06 3060.2 76.25 104.89 0.258 
TSC Whey4 1 5.78 968.8 90 101.05 0.336 
TSC Whey4 2 5.69 674.8 85 96.23 0.385 
TSC Whey4 3 5.68 380.8 80 91.41 0.433 
TSC Whey8 1 5.93 552.7 82.5 98.36 0.355 
TSC Whey8 2 5.95 565.1 85 96.04 0.337 
TSC Whey8 3 5.93 540.3 80 100.68 0.373 
TSC Lactose4 1 5.6 4658.2 44.5 102.83 0.201 
TSC Lactose4 2 5.59 4283 27.5 103.73 0.218 
TSC Lactose4 3 5.62 5033.4 61.5 101.92 0.184 
TSC Lactose8 1 5.77 2809.9 62.5 98.19 0.26 
TSC Lactose8 2 5.83 2090.16 65 99.75 0.293 
TSC Lactose8 3 5.75 2450 63.75 98.97 0.277 
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Table 26: 90 Day Age Natural Cheese Raw Data 
Emulsifier Treatment Trial pH Hardness Melt BF Cohesiveness 
SP Control 1 5.75 3821.02 62.5 99.93638332 0.185 
SP Control 2 5.88 3946.66 75 106.4604082 0.167 
SP Control 3 5.83 3883.84 68.75 103.1983958 0.1815 
SP NFDM4 1 5.98 2857.62 90 101.7340664 0.167 
SP NFDM4 2 5.98 2776.85 87.5 102.8182509 0.1525 
SP NFDM4 3 5.97 2696.08 85 103.9024355 0.196 
SP NFDM8 1 6.01 4891.01 61.25 104.3821129 0.218 
SP NFDM8 2 6.08 6264.12 77.5 104.225144 0.17 
SP NFDM8 3 6 3517.9 45 104.5390817 0.138 
SP Whey4 1 5.94 782 90 102.6703937 0.266 
SP Whey4 2 5.75 572.1 85 101.3070187 0.29 
SP Whey4 3 5.84 677.05 87.5 101.9887062 0.5295 
SP Whey8 1 6.24 278.2 42.5 106.0391554 0.769 
SP Whey8 2 5.94 487.1 57.5 104.2547897 0.492 
SP Whey8 3 6.08 382.65 50 105.1469726 0.342 
SP Lactose4 1 5.73 3487.4 30 103.5330338 0.192 
SP Lactose4 2 5.81 3070.22 65 102.587763 0.184 
SP Lactose4 3 5.75 3278.81 47.5 103.0603984 0.205 
SP Lactose8 1 5.82 1343.73 85 94.88379588 0.226 
SP Lactose8 2 6.15 1130 80 94.88222728 0.27 
SP Lactose8 3 6.0 1236.86 82.5 94.88301158 0.2535 
TSC Control 1 5.83 4050.04 66.25 105.1763765 0.2045 
TSC Control 2 6.07 3034.74 65 103.8923447 0.237 
TSC Control 3 5.68 5065.34 67.5 106.4604082 0.191 
TSC NFDM4 1 5.93 3401.38 57.5 97.36977935 0.218 
TSC NFDM4 2 5.95 3976.96 70 103.7365098 0.226 
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Emulsifier Treatment Trial pH Hardness Melt BF Cohesiveness 
TSC NFDM4 3 5.93 3689.17 63.75 100.5531446 0.256 
TSC NFDM8 1 6.04 3567 77.5 102.0212503 0.286 
TSC NFDM8 2 6.0 3017.76 67.5 95.20073379 0.281 
TSC NFDM8 3 6.01 3292.38 72.5 98.61099207 0.276 
TSC Whey4 1 5.68 864.2 82.5 109.4656397 0.294 
TSC Whey4 2 5.64 826.7 81.25 104.0016693 0.382 
TSC Whey4 3 5.6 789.2 80 98.53769884 0.271 
TSC Whey8 1 5.93 520.7 80 95.45400477 0.47 
TSC Whey8 2 5.92 578.9 90 103.2332368 0.52 
TSC Whey8 3 5.92 549.8 85 99.34362077 0.35 
TSC Lactose4 1 5.59 4331.28 27.5 107.0318326 0.18 
TSC Lactose4 2 5.63 4504.6 32.5 105.7686273 0.219 
TSC Lactose4 3 5.64 4677.92 37.5 104.505422 0.212 
TSC Lactose8 1 5.83 2144.12 65 94.18506977 0.226 
TSC Lactose8 2 5.75 2287.29 62.5 97.81325124 0.199 
TSC Lactose8 3 5.72 2430.46 60 101.4414327 0.231 
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Table 27: 120 Day Age Natural Cheese Raw Data 
Emulsifier Treatment Trial pH Hardness Melt BF Cohesiveness 
SP Control 1 5.81 2406 82.5 99.22231483 0.156 
SP Control 2 5.87 1798.88 78.75 99.70088208 0.165 
SP Control 3 5.93 1191.76 75 100.1794493 0.174 
SP NFDM4 1 5.83 1664.84 80 100.6462487 0.171 
SP NFDM4 2 5.88 1740.2 80 101.8681234 0.1695 
SP NFDM4 3 5.92 1815.56 80 103.0899981 0.168 
SP NFDM8 3 5.93 2047.06 18.75 95.25101096 0.149 
SP NFDM8 2 5.95 2076.36 22.5 94.99649032 0.144 
SP NFDM8 3 5.91 2017.75 15 95.5055316 0.154 
SP Whey4 1 5.99 637.2 88.75 96.22360472 0.448 
SP Whey4 2 6 641.6 90 93.82152598 0.643 
SP Whey4 3 5.97 632.8 87.5 98.62568346 0.253 
SP Whey8 1 5.94 480.5 88.75 96.21511513 0.72 
SP Whey8 2 5.93 439 90 97.71873855 0.742 
SP Whey8 3 5.95 522 87.5 94.71149172 0.698 
SP Lactose4 1 5.76 2386.1 65 101.4563906 0.163 
SP Lactose4 2 5.8 1880.54 65 107.1440624 0.146 
SP Lactose4 3 5.78 2133.32 65 104.3002265 0.1545 
SP Lactose8 1 5.63 1584.7 82.5 98.25362708 0.321 
SP Lactose8 2 5.72 621.38 87.5 96.98606669 0.339 
SP Lactose8 3 5.68 1103.04 85 97.61984689 0.33 
TSC Control 1 5.61 3387.76 70 109.8959416 0.185 
TSC Control 2 5.7 622.5 90 94.60809289 0.318 
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Emulsifier Treatment Trial pH Hardness Melt BF Cohesiveness 
TSC Control 3 5.66 2005.13 80 102.2520173 0.2515 
TSC NFDM4 1 5.83 2394.01 77.5 101.1485706 0.204 
TSC NFDM4 2 5.83 2146.34 80 102.7314441 0.207 
TSC NFDM4 3 5.82 2641.68 75 99.56569705 0.201 
TSC NFDM8 1 6.04 2636.32 75 97.88498776 0.237 
TSC NFDM8 2 6.03 4162.33 80 96.1100801 0.2335 
TSC NFDM8 3 6.01 5688.34 85 94.33517244 0.23 
TSC Whey4 1 5.81 672.5 80 95.78054463 0.417 
TSC Whey4 2 5.8 505 87.5 95.69989116 0.311 
TSC Whey4 3 5.81 588.75 83.75 95.7402179 0.364 
TSC Whey8 1 5.92 710.5 85 89.63991854 0.709 
TSC Whey8 2 5.93 565.7 90 103.5523979 0.737 
TSC Whey8 3 5.93 638.1 87.5 96.59615821 0.723 
TSC Lactose4 1 5.58 3792.23 57.5 99.41228308 0.172 
TSC Lactose4 2 5.7 3729.76 45 100.6958982 0.157 
TSC Lactose4 3 5.64 3760.99 51.25 100.0540906 0.1645 
TSC Lactose8 1 5.83 785.86 77.5 96.26634685 0.246 
TSC Lactose8 2 5.76 1018.11 77.5 98.7137947 0.263 
TSC Lactose8 3 5.64 1250.36 77.5 101.1612426 0.28 
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APPENDIX B: JMP Output for pH 
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APPENDIX C: JMP Output for Melt 
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APPENDIX D: JMP Output for Hardness  
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APPENDIX E: JMP Output for log Hardness 
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APPENDIX F: JMP Output for Cohesiveness  
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APPENDIX G: JMP Output for log Cohesiveness 
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APPENDIX H: JMP Output for Browning 
 
 
 
